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Abstract 
 
An inquiry-based site visit teaching sequence for school science was designed in co-operation 
with researchers and science teachers, according to the principles of Design Based Research 
(DBR). Out-of-school industry site visits were central in the design. Theory-based conjectures 
arising from the literature on motivation, interest and inquiry-based science teaching (IBST) 
were embodied in the design solution, and these embodied conjectures were studied in order to 
uncover the aspects of the design related to students’ motivation and interest. The design solution 
was researched throughout the process. The aim of the design was to generate a phenomenon to 
be investigated in the research stage. The aim of the research was to clarify which particular 
aspects of the design have appealed particular students and enhanced their motivation and inter-
est, and what scientific content students have learnt within the project.  
In this research report, the iterative design process with several implementations of the site 
visit teaching sequence, research methodology and the results that emerged, are considered.  
The design process took place in the years 2007–2009. A pilot cycle, two implementation-
refinement cycles and a final trial were conducted. Lower secondary school students (age 14–15) 
participated in the cycles. Data were collected using a mixed-methods approach. The students’ 
experiences of school science were mapped with the Evaluation of Science Inquiry Activities 
Questionnaire (ESIAQ) before and after the implementations. The students’ Self-determination 
theory (SDT) based motivation orientations were examined using the Academic Motivation 
Questionnaire (AMQ) before the implementations. Both questionnaires are based on SDT. 
Students with different motivational profiles and their teachers were interviewed using a semi-
structured interview protocol. The interviews were analysed by employing a theory-driven 
content analysis approach. The students’ representations of the scientific content of the sequence 
were examined by comparing the informal mind maps they constructed before and after the 
sequence, and with interviews.  
The results of the research reveal that a teaching sequence that combines inquiry activities, 
industry site visits and writing tasks contains the potential to enhance students’ feeling of rel-
evance of their science studies and promote motivation and interest in school science. When 
asked about the most motivating aspects of the teaching sequence, students emphasised different 
aspects depending on their motivational profile. Students with an autonomous motivation orien-
tation emphasised the support for their independent planning and decision making and support 
 for their personal interest, whereas amotivated students reported an increase in their feeling of 
the relevance of studying. The results show that students in science classes value different as-
pects of science learning based on their motivational profile. The site visit teaching sequence 
offers science teachers an appropriate way of differentiating teaching according to students’ 
different needs.  
Because the research problems of this research project are multifaceted, concerning the de-
sign process, students’ motivation and students’ learning of the scientific content of the sequence, 
the problems of design, motivation and learning are reported in three different sub-studies, each 
containing specific research questions, data analysis and discussion. 
 
 
 
Keywords: motivation orientation, industry site visit, design-based research, inquiry-based 
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Tiivistelmä 
 
Tutkimuksessa suunniteltiin tutkijoiden ja opettajien yhteistyönä opetuskokonaisuus luonnontie-
teen opetuksen tarpeisiin. Suunnittelu eteni kehittämistutkimuksen (Design Based Research, 
DBR) periaatteita noudattaen. Jakson tavoitteena oli lisätä opiskelijoiden motivaatiota ja kiinnos-
tusta luonnontieteiden opiskelua kohtaan. Opintokäynnit teollisuusyrityksiin olivat keskeisessä 
roolissa jaksolla. Motivaatiota, kiinnostusta sekä tutkimuksellisuutta luonnontieteiden opetukses-
sa tarkasteleviin teoroihin perustuvia piirteitä sisällytettiin jakson suunnitelmaan. Tutkimuksen 
tavoitteena oli saada selville, millä suunnitellun jakson piirteillä oli yhteys opiskelijoiden moti-
voitumiseen ja kiinnostukseen. Tässä väitöskirjassa käsitellään iteratiivista suunnitteluprosessia, 
jakson kokeiluja sekä tutkimustuloksia, jotka nousivat esiin tutkimuksen aikana. 
Tutkimus toteutettiin vuosien 2007–2009 aikana. Tänä aikana järjestettiin esikoe, kaksi var-
sinaista koetta ja jakson kokeilu usean opettajan kanssa. Prosessin aikana kerättiin ainestoa useita 
tutkimusmenetelmiä käyttäen. Opiskelijoiden kokemuksia luonnontieteen opiskelusta kartoitet-
tiin Evaluation of Science Inquiry Activities (ESIAQ) -kyselyllä ennen kokeita ja niiden jälkeen. 
Opiskelijoiden itsemääräytymismotivaatioteorian (Self-Determination theory, SDT) mukaiset 
motivaatiosuuntaukset kartoitettiin Academic Motivation (AMQ) -kyselyllä ennen kokeiluja. 
Molemmat kyselyt perustuvat itsemääräytymismotivaatioteoriaan. Eri motivaatiosuuntauksia 
edustavia opiskelijoita ja heidän opettajiaan haastateltiin puolistrukturoidulla haastattelulla. 
Haastattelut analysoitiin teorialähtöisen sisällönanalyysin keinoin. Opiskelijoiden representaati-
oita jakson aikana käsitellystä sisällöstä tutkittiin haastatteluilla sekä vertaamalla opiskelijoiden 
ennen jaksoa tekemiä vapaamuotoisia miellekarttoja jakson jälkeen tehtyihin. 
Tutkimuksellisia piirteitä, yritysvierailuja sekä kirjoitustehtäviä sisältävä jakso tukee opiske-
lijoiden luonnontieteiden opiskelua kohtaan tunnettua relevanssiasekä edistää heidän luonnontie-
teiden opiskeluun liittyvää motivaatiotaan ja kiinnostustaan. Kuitenkin, kun oppilailta kysyttiin, 
mikä heidän mielestään oli kiinnostavinta ja merkityksellisintä jakson aikana, opiskelijat painot-
tivat eri asioita riippuen siitä, mikä heidän motivaatiosuuntauksensa oli. Autonomisesti motivoi-
tuneet opiskelijat painottivat mahdollisuuksia suunnitteluun ja päätöksentekoon sekä tukea 
heidän olemassaolevalle aiheeseen liittyvälle kiinnostukselle, kun taas ei-motivoituneet opiskeli-
jat kertoivat heidän luonnontieteiden opiskelua kohtaan kokemansa relevanssin tunteen vahvis-
tuneen. Tulosten perusteella voidaan sanoa, että opintokäynti on suhteellisen vaivaton tapa 
eriyttää opetusta opiskelijoiden yksilöllisten tarpeiden mukaan.  
 Väitöskirjassa on raportoitu eri opintokäyntiin liittyvät näkökulmat omissa alatutkimuksis-
saan, joista jokaisessa on erilliset tutkimuskysymykset, aineiston analyysi ja pohdinta.  
 
 
 
Avainsanat: motivaatiosuuntaus, yritysvierailu, kehittämistutkimus, tutkimuksellinen luonnontie-
teiden opettaminen
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1 Introduction 
 
Students’ motivation and interest in science studies has been a widely dis-
cussed concern within science education research and in policy papers (e.g., 
European Union [EU], 2004, 2005; Osborne, 2008; Osborne, Simon, & 
Collins, 2003). Although students find science-related issues interesting and 
important in general, many of them do not choose science courses at school 
and do not see themselves potentially choosing a scientific career in their 
future; even if they are interested in science, they may be even more inter-
ested in some other subjects, which prevents them from choosing a career in 
the field of science (Lavonen, Gedrovics, Byman, Meisalo, Juuti & Uitto, 
2008; Osborne, 2008; Tytler, Osborne, Williams, Tytler & Cripps, 2008; 
Woolnough, 1996). Students may hold negative stereotypical and one-sided 
images about science-related occupations, and thus consider these occupa-
tions not worth pursuing (Scherz & Oren, 2006; Schreiner & Sjøberg, 2005; 
for a detailed overview of students’ images of scientists, see Christidou, 
2011), or they, especially girls, are not introduced to appealing role models to 
follow (Lavonen et al., 2008). The concern about the decreasing number of 
students who are personally interested in science and technology in order to 
later pursue a scientific career also emerges in educational policy papers. In 
fact, it is considered one of the most critical issues in education and the la-
bour market within Europe and the Organisation for Economic Co-operation 
and Development (OECD) (EU, 2004, 2005; OECD, 2008).  
The reason for the lack of students’ interest and motivation to invest in 
science studies is worth considering. After reviewing the Program for Inter-
national Student Assessment (PISA) 2006 results, Bybee and McRae (2011) 
argue that students’ interest in science topics decreases as the topic moves 
further away from personal experience and immediate relevance to students’ 
own lives. Students may not see the connection between their science studies 
at school and their own life goals. Following this argument, increasing stu-
dents’ feeling of the relevance of their studies and revealing to them the con-
nection between science studies at school and real-world applications of the 
same phenomena and career possibilities in technology industries should 
increase their interest. Furthermore, the OECD (2008) recommends that stu-
dents should have access to realistic information about science and technol-
ogy (S&T) and careers in the field through direct contacts with professionals. 
Tytler, Symington, and Smith (2010) share this view as they argue that part-
nerships between schools and industrial organisations are important for local-
level curriculum development if the aim is to have an impact on students’ 
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interests. In their literature review, Lavonen et al. (2008) claim that role 
models met during visits may be important when students are planning their 
future.  
The aspect that makes the problem of interest in and motivation for sci-
ence learning even more complex is that all students are not alike, and similar 
procedures do not appeal to everybody. The fact that there are differences 
between students’ motivation orientations is, of course, obvious to anybody 
that has ever worked as a teacher, but in this study the consequences of stu-
dents’ different motivational profiles are explicated systematically in the 
context of science education. To conceptualise motivation, after having con-
sidered the multifaceted field of motivational science (e.g. Pintrich, 2003), it 
was decided to follow the self-determination theory of motivation (SDT) 
fashioned by Edward Deci and Richard Ryan (2002). This theory takes into 
account the qualitative differences in motivation orientations, which is an 
important factor in classroom implications. Students’ different motivational 
profiles bring a thought-provoking aspect to the dynamic system of a class-
room. What works with some students may not be the optimal means for 
others. The contemporary curriculum for basic education emphasises consid-
ering students’ individual needs and preconditions (see the [Finnish] 
Amendments and Additions to the National Core Curriculum for Basic Edu-
cation [AANCCBE], 2011), and this challenge has to be taken seriously in 
science education as well.  
Is it possible to design a teaching sequence for school science that bene-
fits all students despite their different motivational profiles and, if so, what 
are the essential aspects of such a sequence? The contribution of this research 
to this multifaceted problem of students’ low motivation and interest in in-
vesting their cognitive capacity in science studies employs out-of-school 
industry site visits in the context of school science. In this framework, indus-
try site visits are seen as a means of improving students’ understanding of the 
varied career possibilities within the field of science and of the importance of 
choosing science courses at school if later pursuing a scientific career. The 
philosophy of inquiry-based science teaching (IBST) that is described in 
more detail in Chapter 5 constitutes the grounds for the design, and the de-
sign solution offers science teachers means of optimising the social context 
of the learning situation in order to enable students’ inner potential to flourish, 
while taking the students’ existing motivational profiles into account. Based 
on the literature review, differences in students’ motivational profiles are 
taken for granted in this research, and therefore, instead of examining the 
motivation and interest development of the entire group, it was deemed more 
relevant to consider which aspects of a certain teaching sequence appeal to 
certain students with particular motivation orientations.  
Introduction 3 
Various classroom phenomena related to learning, interactions, motiva-
tion, and interest represent themselves more as complex and dynamic sys-
tems than predictable causal relations between teachers’ teaching and stu-
dents’ learning. Examining aspects of learning and education as isolated 
variables in artificial laboratory settings may lead, first of all, to an incom-
plete or false understanding of teaching and learning in an authentic setting 
and, secondly, to results that may not have impact on real educational prob-
lems (Barab & Squire, 2004). Therefore, it seemed unrealistic and unproduc-
tive to conduct a strictly-controlled intervention and then only investigate its 
influence experimentally. However, problems also emerge from the authentic 
context because there may be variables that cannot be controlled. As a result 
of considerations about the research design, trustworthiness, and applicability 
of the results, a design-based research approach (The Design-Based Research 
Collective [DBRC], 2003) was chosen for the methodology of this study. In 
design-based research (DBR), the developmental work of a pedagogical solu-
tion (artefact) and scrutiny of its effectiveness and yield of novel knowledge 
are intertwined throughout the process. In fact, in this research report, de-
scribing the design process and tracking the decisions made during it are 
together more important than either the process or the results on their own. 
As the imperative of the research project has been enhancing and improving 
students’ motivation for and interest in science studies and possible science, 
technology, engineering, and mathematics (STEM) careers in the future, 
motivation and interest can be identified as the most important concepts of 
this research. Chapter 4 is devoted to the explication of these concepts and 
their relation to school science.  
 
1.1 Research tasks 
This study is an interaction between design and research; to explicate this 
interaction, the construction of design and research is considered in two 
stages.  
In the first or design stage, a teaching sequence was designed in order to 
disrupt students’ stereotypical notions not only of science occupations in 
general but also of their own possibilities in the field, and to offer them a new 
perspective that is complementary with the one they adopt within ordinary 
science lessons, combining what they have learnt at school with life outside 
the school. As the students see the broader aspects of science compared with 
those they see in the classroom, their feelings of personal relevance of sci-
ence studies may increase, and they may become more interested in studying 
science. The most significant aim was to generate a phenomenon to be inves-
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tigated in the research stage. The design process and decisions related to it 
are described in the research report.  
In the second or research stage, the aim was to clarify which specific as-
pects of the design appealed to particular students and enhanced their motiva-
tion and interest, and what scientific content students learnt within the project. 
While in the design stage the focus was on how students’ motivational orien-
tations influenced the way they experienced the sequence, the research stage 
concentrated on what kind of effect the designed sequence had on those mo-
tivations. Both directions of the interaction between the designed sequence 
and students’ motivation were examined.  
In this research project, a site visit teaching sequence was implemented in 
several cycles. The research problem has been divided into three separate 
substudies, each having a different approach to the project. The first substudy 
deals with the problematics of the design, the second with motivation in gen-
eral and different motivation orientations, and the third one about the acquisi-
tion of scientific content in the sequence. The specific research questions of 
the three substudies are introduced in the following sections.  
 
1.1.1 The first substudy 
The research in the first substudy relates to literature that concerns the princi-
ples of design-based research. The emphasis was on the process of designing 
the teaching sequence and decisions that were made during the design proc-
ess, especially the rationale behind each decision. The research question is:  
How was the site visit teaching sequence designed and revised during an 
iterative process according to the theory-based conjectures about motivation 
and interest, and what did the analysis of these conjectures reveal? 
 
1.1.2 The second substudy 
The research in the second substudy builds on literature about students’ mo-
tivation and adopts the perspective of self-determination theory. Individual 
differences in the motivational profiles of the students were the focus of this 
substudy. The research question is:  
How did students with individual differences in their motivation orienta-
tions experience a teaching sequence enriched with motivation and interest 
promoting features? 
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1.1.3 The third substudy 
This study is situated in the context of science education, and therefore the 
potential of the teaching sequence for promoting students’ science learning is 
vital to examine. The third research question is related to literature about the 
contextual aspect of learning. The research questions of the third substudy are:  
What was the difference between students’ outcomes before and after the 
site visit teaching sequence? 
and 
How did students with different motivation orientations describe their 
learning during the site visit sequence? 
 
1.2 Structure of the thesis 
The same data (for example, the questionnaire data and student interviews) 
have been used for multiple purposes in this study. Before the chapters con-
cerning substudies, there is thus a chapter dealing with data collection. Data 
collection issues are also considered in the substudy chapters if there are 
some specific aspects that are relevant to that particular substudy. The 
substudies naturally have some overlap, such as the evaluations of the poten-
tial and success of the teaching sequence in motivating students (Chapter 9) 
and examining the potential of the teaching sequence from the point of view 
of students’ different motivation orientations (Chapter 10).  
In the first substudy, the viewpoint of DBR has been adopted, and justifi-
cations for the decisions made within it are scrutinised. For the purposes of 
this substudy, interview data have been used to revise the teaching sequence 
so as to find means of improving the sequence to make it more suitable for 
the reality of schools and for the purposes of different teachers. In the second 
substudy, the motivating features of the designed teaching sequence are in-
vestigated in order to understand how students with different initial motiva-
tion orientations experienced the teaching sequence, in which industry site 
visits held a central place. The data have been used in order to generate a 
detailed understanding about the role of students’ different motivation orien-
tations in the context of science learning. The third substudy examined what 
students learnt during the sequence. All three substudies are followed by 
discussions. At the end of the thesis, a general discussion revisits and con-
solidates the different perspectives on the topic.  
Chapters 7 and 9 focus on the characteristic features of the designed 
teaching sequence. In Chapter 7, the structure and intended learning out-
comes of the sequence are presented, whereas Chapter 9 is devoted to the 
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design process of the sequence and the explication and research of the em-
bodied theory-based conjectures of the design. 
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2 Pragmatism as a paradigm for educational re-
search 
 
This chapter introduces the philosophical commitments of this research. As a 
methodological framework, a design-based research approach (DBRC, 2003) 
has been followed in planning and refining the teaching sequence that con-
sists of site visits and related learning activities. DBR is a general framework 
for design, development, implementation, and evaluation of learning activi-
ties. Juuti and Lavonen (2006) have summarised the essential aspects of DBR 
as follows: firstly, the design process is essentially iterative, which addresses 
the validity of findings, and the alignment of theory, design, practice, and 
measurement (DBRC, 2003). Secondly, DBR produces new knowledge, i.e., 
novel theories of teaching and learning. Finally, DBR generates artefacts that 
assist teachers and students to act in a way that encourages learning. With the 
artefact, which is made up of conjectures about the relation of the instruc-
tional context and learning, a new phenomenon is generated and then this 
phenomenon is examined. During the design implementation, the conjectures 
are studied and specific aspects related to the context are uncovered (Sando-
val, 2004). Other important characteristics of DBR are that it emphasises 
collaboration between researchers and practitioners, and that it takes place in 
a real-world setting (Wang & Hannafin, 2005); rather than aiming for im-
pressive results produced under ideal conditions, it focuses on outcomes that 
are produced under often-difficult realistic constraints, in order to generate 
something genuinely applicable (Walker, 2006).  
There is a wide range of authors in the field of combining design and 
educational research, and these authors approach the topic from different 
backgrounds. For example, the editors of the book Educational Design Re-
search (2006) build strongly on the socio-constructivist tradition (Gravemei-
jer & Cobb, 2006). However, besides the goal of improving science teaching 
and learning with the designed artefact, Juuti and Lavonen (2013) emphasise 
the utility of the artefact and requirements of disseminating the innovation 
and convincing sometimes-reticent teachers to adopt it. To facilitate the 
adoption process, it is essential to respond to problems in real practice that 
have been identified by teachers and students. This condition of generating 
applicable results anchors design-based research naturally in the philosophi-
cal ground of pragmatism. In their articles (2006, 2013), Juuti and Lavonen 
have explicated the relation between the DBR and pragmatism, and argued 
how and why pragmatism may be interpreted as a philosophical background 
for DBR. Furthermore, because educational research is inherently concerned 
8? Anni Loukomies?
with learning, the contemporary view of learning must be taken into consid-
eration and acknowledged to have a central role in any design.  
Critical pragmatists (Kivinen & Ristelä, 2003a), however, argue that 
pragmatist philosophy and a constructivist view of learning do not fit to-
gether in every respect. In this chapter, I try to determine how to interpret 
these two approaches to avoid having conflict between these two philosophi-
cal orientations derail the study’s focus on optimal learning conditions.  
 
2.1 Basic ideas of pragmatism 
Pragmatism can be defined as a philosophical orientation that emerged from 
the writings of Charles Peirce (1839–1914), William James (1842–1910), and 
John Dewey (1859–1952) (Pihlström, 2008); it has been widely described as 
the first truly American philosophical movement. There is of course not 
merely one pragmatism, but many, covering a wide range of philosophical 
topics (Pihlström, 2008). The most important pragmatist from the educational 
research point of view is John Dewey, a significant educator and philosopher 
who wrote extensively about the process of scientific inquiry. Many of 
Dewey’s ideas remain deeply relevant today in the context of educational 
research (Biesta & Burbules, 2003).  
According to Biesta and Burbules (2003), pragmatism is as pertinent to-
day as it was more than a century ago, when the pragmatists began to criticise 
the disconnected and dehumanized way in which Western culture had for 
more than two thousand years conceived of knowledge and reality. Pragma-
tists argued that philosophy should take the insights and methods of modern 
science into account ,and should reject the ontological and methodological 
distinction between scientific and social approach to science (Pihlström, 
2008). An example of this is using the experimental method in the process of 
acquiring knowledge, which implies a close connection between knowledge 
and action. Dewey does not prioritise the empirical method over other meth-
ods, but argues that all scientific methods sprout from the same logic (Kil-
pinen, 2008).  
As Biesta and Burbules emphasise, Dewey’s view of the status of action 
in the knowledge acquisition process is radically different from the main-
stream tradition of Western philosophy. They remind us that Western phi-
losophy dates back to an ancient Greek view that knowing was much more 
valuable than doing; the practical had a lower status compared to theoretical. 
From the Greek philosophers’ point of view, it was theory that had to find out 
how and what reality was, and thus action was cut off from the process of 
acquiring knowledge. Actual reality could not, for these thinkers, have been 
the reality of practical life but had to be the static reality of the life of theory. 
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Problems began to arise when the mechanical worldview of modern science 
started to emerge in the wake of Copernicus, Galileo, and Newton among 
others, and the ideal of immutable stability was no longer supported by all 
viewpoints.  
Although the founders of pragmatism were influenced by European phi-
losophy, pragmatism differs from that tradition in one vital respect: pragma-
tists argue that philosophy should take the experimental methods and insights 
of modern science into account. In so doing, Dewey and his peers argued that 
the division between knowing and acting can disappear disappear completely. 
Dewey argued that the results of modern science should not be interpreted in 
the framework of Western philosophy, in which the point of departure is the 
human consciousness and its separation from the material world, but that the 
starting point should be action, or more precisely the transaction between an 
organism and its environment. One difficulty of understanding Dewey’s 
approach is that he uses many of the concepts and terms of the philosophical 
tradition in a new and different way. The main difference between Dewey’s 
work and traditional Western philosophers is how Dewey takes the concept 
action as its most basic category (Biesta & Burbules, 2003).  
 
2.2 Pragmatism and educational research 
Beliefs about knowledge and how it is acquired and constructed (i.e., episte-
mology), about reality, especially the question of whether there is one objec-
tive reality or whether each person has a unique subjective reality (i.e., ontol-
ogy), and beliefs about human action and its position in the process of acquir-
ing knowledge, are central to the relationship between educational research 
and educational practice. Juuti and Lavonen (2013) note that according to 
Dewey’s view of knowledge as an organism-environment interaction, knowl-
edge can be seen as a construction that is located in the interactions among 
the teacher, the researcher, and the learning environment (classroom settings, 
social and psychological environments, students’ motivation, their interest in 
and preconceptions of a topic, their goals, etc.). The way that Dewey has 
connected knowledge and action is especially relevant for educators and 
educational researchers, those for whom knowledge should always be ap-
proached from a practical perspective (Biesta & Burbules, 2003).  
A crucial point in Dewey’s theory of action is that he assumes that it is 
possible to transform simple action into planned, intelligent action which has 
a purpose for research, including educational research. Action can be turned 
into intelligent action through the key process of reflection. Thinking is a 
way to experiment with different ways of acting without having to perform 
the action in the real world. This is an enormous advantage over the trial-and-
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error method, especially if some results of an action might be unwanted. 
Thinking lies in and depends on the use of symbols, e.g. language. In 
Dewey’s opinion, the ‘discovery’ of symbols and symbolization is the single 
greatest event in the history of man (Biesta & Burbules, 2003).  
Since the beginning of systematic inquiry into education, educationists 
have emphasised the necessity of a practical orientation for educational re-
search (Biesta & Burbules, 2003; also DBRC, 2003). As they interpret 
Dewey, educational practice is the central point, the beginning, and the end—
the alpha and the omega—of all educational inquiry. It is of course the source 
of the problems to be solved, but also serves as the final test of the value of 
any provisional solutions. The educational practitioner is the central figure in 
the study of education. Dewey stressed the one and only purpose of educa-
tional inquiry is to make the actions of the educator more intelligent, arguing 
that the actual science of education exists in the use of the outcomes of an 
educational inquiry in a real-world educational situation. A further implica-
tion of this view is that for Dewey teachers should themselves be at least 
partly investigators. It is only when teachers approach their own educational 
practices with an inquiring and reflective attitude that intelligent educational 
action becomes possible. Dewey argues that educational research should not 
simply be research on education and educators, but should involve educators 
themselves in a meaningful way. 
As Biesta & Burbules (2003) encapsulate it, Dewey’s description of the 
process of inquiry is very close to our everyday understanding of how to deal 
with problems. First, we identify what the problem is, then develop a strategy 
for dealing with it, and finally we test the strategy. If successful, we have a 
solution for our problem may even claim further that the solution means that 
we correctly understood the problem. This simple procedure can be trans-
ferred into a more abstract, ‘philosophical’ level, at which the phases of the 
procedure becoming drawing up a hypothesis, developing an experimental 
strategy, performing experiments, observing results, and finally concluding 
on the basis of evidence gained through experiments. From the Dewey the-
ory’s point of view, this cycle of empirical research should be understood in 
terms of the transactional theory of knowledge acquisition. The result of the 
process is not the an objective, otherworldly truth but an honest description 
of the relationship between our actions and their consequences.  
 
2.3 Learning and pragmatism 
The modern approaches to learning that can be applied in school environ-
ments (e.g., Bransford, Brown, & Cocking, 2000) conceptualise learning as 
an active process, with the emphasis on understanding and problem-solving 
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skills. Through the process of active thinking and understanding, simple 
information evolves into knowledge. Learners construct new knowledge and 
understanding based on what they already know and believe, and organise it 
in ways that facilitate retrieval and application. Learning with understanding 
prepares students to transfer what they have previously learnt to new prob-
lems and settings. 
An important feature of learning is appropriate feedback from the teacher, 
and the process of reflecting one’s own learning process helps the learner get 
familiar with her own learning strategies and modes of thinking. These re-
flecting skills are developed in the interaction with both teacher and peers, 
and they help students learn to take control of their own education by defin-
ing learning goals and monitoring their progress. All the above aspects relate 
centrally to the constructivist tradition. 
As Phillips (1995) has noted, there is a vast number of constructivist writ-
ers, and the more one widens the scope, the more authors can be considered 
constructivist. Phillips attempts to categorise those who refer to themselves 
as constructivists and their views about learning and acquiring knowledge. 
His article “The Good, the Bad, and the Ugly: The Many Faces of Construc-
tivism” (1995) classifies constructivist authors by using three different per-
spectives. The first is whether emphasis should lie in the knowledge con-
struction process of an individual or on the construction of human knowledge 
in general. The second perspective concerns the kind of thinking that can be 
regarded as constructivist; authors with minimal constructivist orientations 
consider knowledge as something discovered by a basically passive individ-
ual—active effort is less significant—whereas those with stronger construc-
tivist orientations see the human being as an active creator and constructor of 
her knowledge structure. The third of Phillips’s perspectives deals with the 
definition of activity: Is activity described in terms of individual cognition or 
in terms of social activity? Is activity physical or mental? An important char-
acter in the field of active constructivism is Dewey, whose writings also 
constitute the foundation for many pragmatic orientations. As Phillips reca-
pitulates, Dewey stressed the active participation of the individual instead of 
adopting the view of a spectator that is cognitively, but not physically, active. 
A consequence of being physically active and participating in the action is 
that the individual has the opportunity to influence on the environment 
(1995). 
Kivinen & Ristelä (2003a), however, discuss interpret Dewey’s work and 
some constructivist writings, and they argue that the interpretation of the 
concept of activity is the major feature that distinguishes the pragmatic view 
of learning from the constructivist one. They claim that in constructivism 
activity is be interpreted as being thoroughly conscious of the processes of 
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learning and one’s own thinking when constructing new knowledge. From 
the pragmatist point of view, learning is also an active process, but in a bit 
different sense. As Kivinen and Ristelä (2003a) interpret Dewey, people are 
active because they cannot exist without acting, and no specific attention is 
required to be active; to be is to act. From their Deweyan perspective, people 
learn most of the important skills they need in their lives, such as walking, 
without explicitly concentrating and paying attention to the learning process; 
they focus on the activity instead. This does not mean, however, that reflect-
ing on the activity and experiences was unnecessary. 
From a Deweyan pragmatist point of view, experience is the way in 
which organisms connect with reality. Experience per se does not produce 
knowledge; action and reflection or thinking are also necessary. Reflection 
can be conducted within the action itself, known as reflection-in-action, or 
retrospectively. The more capable the actor is, the more reflection takes place 
within the action (Kilpinen, 2008). According to Biesta and Burbules (2003), 
Dewey claims that the combination of reflection and action leads to knowl-
edge. Knowledge is connected with the relationship between actions and their 
consequences and is in fact an action, ‘a mode of doing’. Knowledge offers 
the possibility to control actions, a step removed from the trial-and-error 
method, especially when one does not know with certainty the best possible 
way to act.  
An important concept in constructivism, serving as something of a corre-
sponding term to reflection in pragmatism, is the concept of metacognition, 
which refers to knowledge about how an individual can control her own 
learning, what one considers effective learning strategies, and when one 
thinks it is best to apply these strategies (Gunstone, 1994). Do we know what 
we have been thinking because we have been thinking, or have we actively 
been observing our thinking in a process that is somehow separate from that 
thinking itself? It appears that pragmatism takes a simpler approach to this 
issue, but no matter what the process is called, it is important from an educa-
tional point of view that the learner is conscious of her own actions and inten-
tions.  
Criticism expressed by Kivinen and Ristelä (2003a) is approached from 
three perspectives that are common to pragmatism and constructivism. The 
first aspect is the view of truth. Both Dewey for the pragmatists and Jean 
Piaget, a founder of constructivism, have an anti-representational view of 
truth, meaning that neither considers knowledge a representation of an inde-
pendent reality. Dewey’s alternative to this objectivist and representational 
view of truth is not, however, relativism, but intersubjectivity: the only reality 
that matters is our common and shared reality, and we share common respon-
sibility for our common world (Biesta & Burbules, 2003).  
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The second aspect common to these two philosophical approaches is the 
way activity is emphasised, in contrast to, for example, behaviourist views of 
learning. As we saw in the previous chapter’s discussion of activity and its 
definition in constructivism, Dewey’s views on activity, on participating in 
the action and thus being in interaction with the environment, formulate the 
basis for both pragmatist view of learning and for certain forms of construc-
tivism. Dewey’s theory of the organism-environment transaction (known as 
functionalism) was a critique of the contemporary dualistic stimulus-response 
theory (Biesta & Burbules, 2003). Dewey characterised the transaction as a 
process of continuous readjustment, not simply as an external stimulus fol-
lowed by an organism’s response. The organism doesn’t need a stimulus to 
be set passively into action, because the organism is already active and main-
tains a dynamic relationship with its ever-changing environment. This organ-
ismic view shares aspects with the self-determination theory of motivation 
(SDT), as it emphasises an innate tendency toward integration of the self and 
fulfilling one’s potential, but also takes social-contextual factors into account 
(Ryan & Deci, 2002). Through this process of a dynamic transaction, the 
predispositions of the organism become more specific, and the organism has 
thus learned; the world becomes more differentiated and meaningful for the 
organism. This view is also fostered in the field of educational science, where 
Miettinen (2008) argues that physical interaction with the environment is a 
basis for knowing and that knowledge can be said to be located at the interac-
tion. For example, in the context of schools and education, knowledge about 
teaching science is inherent in the actions of the science teacher (Juuti & 
Lavonen, 2006, 2013).  
According to Biesta & Burbules (2003), the third aspect common to 
pragmatism and constructivism is that the separation between theory as a 
domain where knowledge is acquired and practice as a domain where knowl-
edge is applied cannot be sustained. From the Deweyan point of view, theory 
is not only about knowledge and practice not only about action, but both 
contain a mix of knowledge and action, and the difference is which one of 
these may be emphasised. Dewey gave priority to the practical, and rejected 
the idea that knowledge produced by science should automatically possess 
cognitive superiority to everyday knowledge. For Dewey, it is not that theory 
tells us how things are and practice’s role is to follow theory’s orders, but 
that theory emerges from and feeds back into practice. This view is compati-
ble with processes of DBR, as theory and practice are intertwined throughout 
the process and feed back to each other (Edelson, 2002, 2006). Science, in-
cluding educational science, is as much a practice as everyday practice is. It 
is a more human and down-to-earth enterprise than some traditional interpre-
tations allow us to recognize.  
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As the constructivist views about learning that date back to Dewey’s writ-
ings are taken into account, it is clear at a minimum that student activity 
should be emphasised at the expense of a passive spectator role for students. 
Modern views of inquiry-based learning, for example, can provide novel 
alternatives for school arrangements. From the DBR point of view, regardless 
of the background of the authors, there is a consensus agreeing on the value 
of many features that are inherent in DBR, no matter what name it is given. 
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3 Design-based research approach 
 
In this chapter, the methodological background of the research, namely the 
design-based research approach is explained. DBR means a systematic study 
of designed interventions (Sandoval, 2004), and can trace its origin to Ann L. 
Brown’s 1992 article “Design Experiments: Theoretical and Methodological 
Challenges in Creating Complex Interventions in Classroom Settings” (Edel-
son, 2002; Juuti & Lavonen, 2006). Ideas similar to Brown’s, especially the 
notion of applying aspects of developmental research in educational settings, 
had also emerged in the Netherlands as early as the Seventies. However, it 
was not until the Nineties that fuller development of these concepts occurred, 
at about the same time as Brown’s seminal article was published (Gravemei-
jer & Cobb, 2006). Over the history of this research approach, it has been 
called by a variety of names: ‘design experiments’, used by Brown (1992); 
‘educational design research’, used for example in the books Educational 
Design Research, edited by van den Akker, Gravemeijer, McKenney, and 
Nieveen (2006) and An Introduction to Educational Design Research (2007), 
edited by Plomp and Nieveen; and ‘design-based research’, suggested by the 
Design-Based Research Collective in 2003 and used by variety of authors 
(Barab & Squire, 2004; diSessa & Cobb, 2004; Wang & Hannafin, 2005).  
Beyond terminology, these approaches also differ from the point of view 
of their philosophical underpinnings. The Dutch group, which uses the label 
design research, has a strong background in socio-constructivism. Juuti & 
Lavonen (2006), meanwhile, suggested that the relatively new research ap-
proach should be anchored in pragmatism, especially in the light of Biesta & 
Burbules’s interpretation of John Dewey’s writings. The pragmatist and so-
cio-constructivist views and how the philosophical background of DBR is 
understood in this research were discussed in the previous chapter. Despite 
the philosophical disagreements of different authors, there is a consensus 
about many characteristics of DBR, and scholars’ views may be combined in 
a way that is both valuable and consistent.  
The following chapters elucidate the essential features of DBR, the dis-
tinction between DBR and traditional methodologies of educational research, 
the charges of implausibility that DBR has faced and, finally, suggest some 
strategies for increasing the methodological rigor and thus trustworthiness of 
DBR. 
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3.1 Why is DBR a relevant methodology for educational 
research?  
Educational research has been criticized for not having generated any recent, 
significant results that have had a real impact on educational practice, from 
the point of view of the most common problems in schools (motivational 
problems and poor learning results). By comparison, in many other disci-
plines (e.g., medicine, engineering, basic science, etc.), there has been major 
progress in recent years (Walker, 2006). Walker argues that the problem of 
educational research is that it does not influence practice sufficiently; in other 
words, research-based teaching methods show no significant effects com-
pared to traditional methods that are not based on new research (Walker, 
2006). Thus, a research approach is needed that speaks clearly in the lan-
guage of practical problems that teachers face, but that is still plausible to the 
world outside the educational research community and employs scientific 
methods. According to Edelson (2002), the varied and serious problems faced 
by our educational system call for true innovation. 
Because context plays a central role in the implementation of the results 
of educational research, it also should be taken into account in the research 
phase. Accordingly, examining aspects of learning and education as isolated 
variables in artificial laboratory settings lead, first of all, to an incomplete or 
even false understanding of both teaching and learning and, secondly, to 
results that are unlikely to have any practical impact on real educational prob-
lems. On the other hand, because real educational settings may be too com-
plicated to be understood and explained by simple observation, something 
between these two extremes offers the most fruitful method for investigating 
the phenomena that take place in the school context. Therefore, we need 
limited and explicitly-defined interventions that take place in authentic con-
texts and attend to social interactions that indisputably influence holistic 
results (Barab & Squire, 2004).  
DBR is an emerging method in the field of educational research, and the 
number of educational researchers who situate their studies into practical 
contexts is growing rapidly (van den Akker, Gravemeijer, McKenney, Niev-
een, 2006). Because DBR is grounded in the needs, constraints, and interac-
tions of local practices, it has the potential to produce the kind of impact on 
practice that research has made in other disciplines (DBRC, 2003; Walker, 
2006). DBR eliminates the boundaries between design and research and be-
tween research and practice. Thus, it advances a researcher’s understanding 
of the complexities of educational contexts—the interactions between many 
variables at multiple levels (Cobb, Confrey, di Sessa, Lehrer & Scauble, 
2003)—and, hence, of teaching and learning themselves (Edelson, 2002). 
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With DBR, practitioners and researchers work together in order to produce 
meaningful change in the situated context of practice. Such relationships help 
maintain the balance between tailoring intervention that can function in an 
actual setting and keeping in mind the demand of generalizability to other 
settings that is essential from the point of view of plausibility of the research 
approach (DBRC, 2003). 
What distinguishes DBR from methodologies that encompass apparently 
similar aims, such as action research or more general applied research or 
development work (Cohen and Manion, 1994)? Applied research can be 
understood as further development of the results of basic research, but also 
applying research results to a problem that is set from outside the scientific 
community. However, the term applied research is relatively vague because 
research can be at in many ways for many purposes (Niiniluoto, 1999). De-
velopmental work, in turn, aims at more concrete objectives, some of which 
can be highly commercial. DBR has commonalities with both of these per-
spectives, as a form of applied research aiming at generalizability and having 
potential for product development, but it is distinctive because of its method-
ology of inseparable features and phases, as described below.  
Another research approach mentioned above, which involves researchers 
and practitioners working together towards improvements is action research 
(Cohen, Manion, & Morrison, 2007). Cohen and Manion (1994, p. 186) de-
fine it as follows: “Action research is a small-scale intervention in the func-
tioning of the real world and a close examination of the effects of such inter-
vention”. It is context-specific, participatory, and collaborative. The major 
distinction between DBR and action research, which focuses on improve-
ments within a certain context, is the generalizability of the results. The find-
ings of action research are generalizable only into the future within similar 
contexts. In the best cases, some of its results can be adapted to different 
settings, but significant modifications need to be made. DBR, by contrast, 
aims to design solutions that are not dependent on context. The generalizabil-
ity requirement of the results of a DBR project is discussed further below. 
DBR combines empirical educational research and theory-driven design 
of learning environments. It is not a deduction from theory, or merely testing 
a theory in practice via a traditional development-implementation-
assessment-refinement cycle. Instead, it is a method of transforming theoreti-
cal claims about teaching and learning into effective educational settings 
(DBRC, 2003) and of developing and refining new theories. As it takes place 
in complex, real-life settings, the design process reveals inconsistencies more 
effectively than analytic processes that arise from outside the setting, and the 
results of the design process are directly applicable to educational practice 
(Edelson, 2002).  
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In order to justify the principles of DBR and to increase the trustworthi-
ness of this mode of research, the manner of reconciling theory-based learn-
ing principles and a practical educational innovation has to be rigorous. Inno-
vations embody specific theoretical claims about teaching and learning 
(DBRC, 2003). It is imperative that teachers and parents be offered educa-
tional innovations based on the most promising theoretical understanding, but 
it is also important to grasp how, when, and why educational innovations 
work in practice (DBRC, 2003). If new educational innovations in schools 
are not rooted in firm theoretical bases, education will be dominated by inno-
vations that merely follow fashion and marketing considerations (Walker, 
2006).  
 
3.2 Characteristic features of DBR 
Sandoval (2013) argues that the characteristic feature of DBR is that this 
approach is simultaneously concerned about three commitments that educa-
tion research in general treats separately, namely the production of innovative 
learning environments, the generation of knowledge about how such envi-
ronments work in the settings for which they are designed, and the generation 
of more fundamental and translatable knowledge about learning or teaching. 
There is a dual commitment to improving educational practices and further-
ing our understanding of the processes of learning and teaching. 
The design process is grounded in theory (Edelson, 2002, 2006), and the 
designing takes place as a shared activity of researchers and teachers in order 
to generate solutions that facilitate more effective ways of teaching and 
studying (Juuti & Lavonen, in preparation). Being grounded in theory means 
that the theory-based conjectures, which are embodied in the design, are 
specified and laid out in advance (Sandoval, 2013). Such explication enables 
testable predictions, the results of which may lead to both refinements of a 
particular design and to revisions of the broader theoretical perspective (San-
doval, 2004, 2013). 
The iterative design process is carefully documented and formally evalu-
ated throughout the whole project (DBRC, 2003; Edelson, 2006), and leads to 
a generalizable educational innovation and novel knowledge about aspects of 
teaching or learning (Edelson, 2002, 2006; Juuti & Lavonen, 2013). The 
iterative nature of the process is essential, because the iterations address the 
validity of findings, alignment of theory, design, practice, and measurement 
(DBRC, 2003). In addition to the demand of a background theory, DBR must 
also take seriously considerations of teachers’ needs and school practices 
(Juuti & Lavonen, 2013), as it generates artefacts that help teachers and stu-
dents to act in a way that leads to learning. The artefact is also widely usable 
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in settings other than the original one. The characteristics essential to a cer-
tain design solution for achieving specific goals in a particular context need 
to be explicitly articulated (Edelson, 2002). In fact, the aims of designing the 
artefact and developing new theories of learning cannot be separated; they 
are inter-dependent (DBRC, 2003). 
Other important characteristics of DBR are that it is interventionist, in-
volving some sort of design (Cobb, Confrey, di Sessa, Lehrer & Scauble, 
2003; Edelson, 2006; Walker, 2006), and it takes place in a real-world setting 
(Wang & Hannafin, 2005). Robust designs are needed, not those that produce 
impressive results only under ideal conditions but those that produce results 
under thoroughly realistic constraints that generate something genuinely 
practicable and pragmatic (Walker, 2006). Collaboration of participants must 
be maintained throughout the research, even though the several cycles of a 
study may take years (DBRC, 2003).  
The iterative design process starts when something is considered prob-
lematic in a specific educational context. Conducting theoretical problem 
analysis by exploring the relevant research literature of the pedagogical field 
guides the choice of the best way to approach the problem (Juuti & Lavonen, 
2006). Problem analysis defines the context, challenges, the desired outcomes, 
and the ways of achieving them, and it is often constructed together with the 
design solution; they develop hand-in-hand (Edelson, 2002). Development 
and research take place through iterative cycles of design, enactment, analy-
sis, and redesign (DBRC, 2003). The successive iterations of test and revision 
have a role similar to systematic variations in experiments (Cobb, Confrey, di 
Sessa, Lehrer, & Scauble, 2003).  
Edelson (2002) has categorised different types of theories that can be 
generated during a design process. The concept of ‘design framework’ in-
volves a prescriptive generalization of a design solution and a collection of 
coherent design guidelines of a given DBR project. The design framework 
has to be defined according to the essential characteristics an artefact must 
have in order to achieve its particular goals in a particular context. Another 
type of theory he discusses is ‘design methodology’, which is a generaliza-
tion of a design procedure of a certain DBR project. Design methodology is 
prescriptive and it defines the process, the expertise required, and the roles of 
the various participants in DBR projects. Finally, according to Edelson, DBR 
generates ‘domain theories’ that describe important phenomena in the field of 
education rather than within the design process. Other authors in the DBR 
field (e.g., diSessa & Cobb, 2004) have slightly different theoretical catego-
ries than Edelson, but instead of concentrating on such distinctions, it is more 
useful to emphasise the fact that an essential feature of DBR is that it gener-
ates new educational knowledge.  
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There is no single, immutable DBR method. The explicit concern of DBR 
is the use of methods that link the design process with the desired outcomes. 
This connection generates knowledge that is applicable to educational prac-
tice (DBRC, 2003). In DBR, particularised task design determines the nature 
of data collection and analysis (Juuti & Lavonen, 2006). DBR methods re-
spond to emergent features of the setting; furthermore, issues that arise out of 
the research setting also inform the design process. Triangulation from multi-
ple data sources, mixed methods in data collection, repetition of analysis 
during cycles, and use of standardised measures or instruments can all help 
promote reliability. Processes should be documented in order to provide 
critical evidence about why certain outcomes occurred (DBRC, 2003). In this 
sense, data collection methods similar to those recommended for case studies 
(Yin, 1994) can also be used in DBR. With respect to data collection, the 
challenge that arises is that large amounts of data result from the combination 
of ethnographic and quantitative analysis (Joseph, Collins & Bielaczyc, 
2004).  
 
3.3 How to increase the plausibility and trustworthiness of 
DBR? 
As already discussed in previous chapters, most people in the field of educa-
tion generally and educational research in particular agree that a research 
approach that takes into account the complex and interactive nature of the 
real educational settings, that aims to go beyond narrow measures of learning 
and that takes the existing theories into account, is infinitely preferable to 
those approaches that split as complex a phenomenon as learning into iso-
lated factors that are examined separately in sterile laboratory settings. How-
ever, because the broader research community is used to evaluating research 
according to the traditional criteria of objectivity, reliability, and validity, it 
can be difficult to convince other researchers of the usefulness and plausibil-
ity of DBR as a new and still-evolving methodology for promoting ever-new 
and improved practices (diSessa & Cobb, 2004). As Collins, Joseph, and 
Bielaczyc (2004) suggest, in order to become a widely-accepted research 
approach, the learning-sciences community must create standards that make 
DBR recognizable , accessible, and acceptable to other researchers. 
The first and most significant aspect concerning the quality of any given 
DBR project is the criterion that is important in all research, regardless of 
methodology or field: the research needs to be relevant and must yield insight 
concerning an important problem or need (Edelson, 2006). Questions about 
the quality of DBR can be approached from two perspectives, either the re-
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search point of view or the design point of view. To agree that DBR is a 
plausible research approach, the audience must be convinced specifically 
about what distinguishes and delineates it from other forms of research. 
Collins, Joseph, and Bielaczyc (2004) and Barab and Squire (2004) specify 
some aspects in their summary of Collins’ (1999) earlier conclusions about 
the distinctive features of DBR compared to other research modes. In contrast 
to traditional laboratory experiments that aim to control variables and test 
hypotheses and that isolate the learner in order to control social interaction as 
a ‘variable’, DBR focuses on understanding the complexity of real educa-
tional settings, with the rich, socially-situated context being an essential as-
pect of the study.  
Design research should be evaluated in terms of the novelty and useful-
ness of its results, not merely by the traditional criteria of applied research; 
the process should yield theories that are useful in solving significant prob-
lems. The outcome of the design process should, in other words, be relevant 
from the point of view of improving the practice. Those involved in using the 
design solutions can also participate in evaluating it (Walker, 2006). The 
theories that are generated through design research approach are impossible 
to generate in any other way, such as the us of traditional empirical methods 
(Edelson, 2002). The usefulness of the research results is evaluated based on 
their practicality for real users (van den Akker, Gravemeijer, McKenney, 
Nieveen, 2006; DBRC, 2003); furthermore, because DBR focuses on linking 
the process with the results (DBRC, 2003), not only the results but also the 
entire design-research process is validated through consequences arising from 
the project’s findings and innovations (Barab & Squire, 2004). A research 
design is valid to the extent that it successfully takes into account the issues 
that are raised during the design process (Edelson, 2002). 
Another challenge for DBR lies in finding a balance between refining a 
particular innovation in order to maximise its success, and generalizing find-
ings from such a highly-refined situation to a different set of conditions 
(DBRC, 2003). The context-bound nature of much design research explains 
why it usually does not strive toward completely context-free generalizations. 
However, designer-researchers need to strive for optimizing the design in the 
local context without decreasing its generalizability (Wang & Hannafin, 
2005). Through collaboration and iteration, this aim is realistic. It is impor-
tant to determine the factors that have resulted in desired outcomes. Even 
apparent failures also contribute to the resulting theory (Edelson, 2002), be-
cause failure of a design is not a failure of the research, but an opportunity to 
determine what needs further improvement. 
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4 Motivation and interest in science education 
 
Motivation, in general, refers to the process of generation and maintenance of 
goal-directed activities (Schunk, Pintrich, & Meece, 2008). In the literature, 
motivation has been considered from various viewpoints. One approach to 
conceptualising motivation is to view the phenomenon from the perspective 
of an individual actualising her innate tendencies for integration and devel-
opment. Self-determination theory (SDT) is an example of this paradigm 
(Deci & Ryan, 1985, 2008; Ryan & Deci, 2002). This thesis approaches mo-
tivation from the perspective of SDT, which will be explicated more fully in 
the following sections. Another approach to motivation is the socio-cognitive 
view, which emphasises cognitive structures such as beliefs, decision making, 
appraisals, and conscious goal-setting of an individual that take place in the 
presence of certain social-contextual factors. The expectancy-value theory of 
motivation is an example of this paradigm. According to this theory, motiva-
tion towards a certain task depends on the one hand on an individual’s expec-
tations for success and self-related beliefs, and on the other hand on values 
associated with the particular task (Pintrich, 2003). These task-related values 
can be categorised as attainment value (importance or significance), intrinsic 
value (enjoyment), utility value (instrumental benefit), and the costs of en-
gaging in the task (Viljaranta, Nurmi, Aunola, & Salmela-Aro, 2009). In 
particular, considerations of attainment value, utility value, and task costs are 
a result of conscious cognitive activities in a certain social context. Motiva-
tion can also be considered from the perspective of environmental conse-
quences, such as offering rewards that enhance the probability of desirable 
outcomes (e.g. Schunk, Pintrich, & Meece, 2007). Even though many tasks at 
schools may be presented to students in a way that the value of the task is 
emphasised to students, they still may appear rather alien to students if the 
values are not personally adopted and embraced by them. 
 
4.1 Individual differences in motivation orientations and 
the role of basic psychological needs 
The leading idea of SDT is that humans are active and growth-oriented, seek-
ing the actualisation of their potential, growth and integration, fulfilling their 
needs for autonomy, competence and social relatedness, and moving their 
lives in desired and specific directions, rather than being passive subjects that 
environmental forces push around. As humans do not live in a vacuum, their 
social environments can either facilitate or inhibit these inherent tendencies 
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(Ryan & Deci, 2002). The three basic psychological needs are the need for 
competence (the desire to feel efficacious, to have an effect on one’s envi-
ronment, and to attain valued outcomes), the need for autonomy (the desire to 
be self-initiating and to have a sense of acting in accordance with one’s own 
sense of self), and the need for relatedness (the desire to feel connected with 
and to be accepted by significant others) (Ryan & Deci, 2002). 
These basic needs, which are assumed to be innate for all humans in spite 
of cultural differences and across all situations, do not affect behaviour in a 
vacuum, but their effects are mediated by social-cognitive constructs that are 
more context-specific, such as the regulatory style or motivation orientation 
of a person (Ryan & Deci, 2000). From this perspective, motivation can be 
seen as a result of interactions between an individual’s need system and the 
environmental factors that interfere with or support the need fulfilment proc-
ess. More specifically, the theory is interested in individual differences result-
ing from “the degree to which the needs have been satisfied versus thwarted” 
(Deci & Ryan, 2008, p. 183). Students come from different backgrounds and 
have different prior experiences related to learning situations. These prior 
experiences, in turn, have influenced any particular student’s motivational 
profile. In other words, a person’s motivation in a particular situation is a 
function of the immediate social context and of the person’s inner resources 
that, in turn, have been affected by the prior interactions with social contexts 
(Ryan & Deci, 2002; Vansteenkiste, Williams, & Resnicow, 2012). The con-
tinual interface with the social environment can either support and facilitate 
the natural growth process or block it by frustrating basic psychological 
needs (Vansteenkiste, Williams, & Resnicow, 2012). In one of the variants of 
SDT, cognitive evaluation theory (CET), Ryan & Deci (2002) suggest that 
there are two cognitive processes through which contextual factors affect 
motivation, namely changes in ‘perceived locus of causality’ and ‘perceived 
competence’. The former refers to the degree to which a person has a feeling 
of control over a particular activity and the latter to the degree of mastery of 
and competence in the activity. The more external the locus of causality is 
perceived, the less a person’s need for autonomy is supported. Keeping in 
mind the wide variety of students’ previous experiences concerning the ful-
filment of basic psychological needs and the variety of environments from 
which students come, it is easy to grasp that the science class environment is 
not experienced identically or even similarly by all the students; they do not 
have comparable prior expectations and emotions towards an activity or topic.  
In the research literature, students and their motivational profiles have 
been categorised in various ways, from the perspectives of different para-
digms within motivational science. Viljaranta et al. (2009), for example, 
categorise students in relation to how they see the value of different school 
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subjects. They ground their categorisation on the arguments of the expec-
tancy-value theory that is a cognitively-oriented motivational theory. Related 
to the lifespan model of motivation, which assumes that basic psychological 
needs constitute motivational processes, Salmela-Aro (2010) presents a cate-
gorisation of motivation orientations in which adolescents’ personal goals 
and how they reflect their basic psychological needs play the central role. 
SDT proposes a distinction between motivation orientations that is based on 
the regulatory style of a certain person and is related to the quality of motiva-
tion (Ryan & Deci, 2002). One of the sub-theories of SDT, organismic inte-
gration theory (OIT), concerns internalisation of the regulation of behaviour 
and values and, furthermore, the influence of the fulfilment of basic psycho-
logical needs on regulatory style and motivation orientation. Regulation of 
behaviour may be autonomous (self-determined) or controlled, depending on 
the degree of internalisation. Internalisation is not viewed in terms of a sim-
ple dichotomy of external versus internal, but rather as a continuum (Ryan & 
Deci, 2002). OIT proposes a taxonomy of regulation types ranging from non-
regulation to intrinsic regulation. Non-regulation, at one end of the contin-
uum, is related to amotivation. Controlled and ill-internalised regulations, 
namely ‘external’ and ‘introjected’ regulations are related to controlled forms 
of extrinsic motivation, while more autonomous forms of extrinsic motiva-
tion encompass ‘identified’ and ‘integrated’ regulations. The other end of the 
continuum, ‘intrinsic’ motivation, is a prototype of autonomous and self-
determined behaviour. Along the continuum, internalisation of the regulation 
of behaviours increases and the motivation for certain behaviours becomes 
more autonomous (Ryan & Deci, 2002).  
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Figure 1. The self-determination continuum, types of motivation and regulation, 
according to Ryan & Deci (2002).  
 
‘Amotivation’ is a state of lacking any intention to act (Ryan & Deci, 2002), 
and amotivated students cannot find any reason to engage in a certain activity. 
Amotivation may result from a lack of perceived competence or deficiencies 
in valuing the possible outcomes of an activity, and it is the most problematic 
motivation orientation in educational context.  
‘Externally regulated’ behaviours are performed to earn some expected 
reward, or to avoid a threatened punishment; the underlying values of the 
activity are not internalised. In other words, externally-regulated behaviours 
are conducted to satisfy an external demand or socially constructed contin-
gency (Ryan & Deci, 2002). ‘Introjected regulation’ refers to activities that 
are motivated by internal prods and pressures that are connected to the per-
son’s self-esteem. Introjection-based behaviours are performed to avoid 
negative emotions like guilt and shame, or to attain ego enhancement and 
feelings of worth. Students with controlled forms of extrinsic motivation 
experience regulation of their activities external to themselves. They may not 
be inherently interested in a certain activity, but they engage in it because 
they value the activity as being important (Deci, 1992). Thus, people are 
unlikely to engage in extrinsically-motivated behaviours if they are not in-
strumental for some desired outcome such as a reward or the appreciation of 
significant others who value the activity (Ryan & Deci, 2002).  
‘Identified regulation’ takes place when the regulation has become a part 
of the self; a person consciously feels the activity personally important or 
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valuable and participates in it willingly (Deci & Ryan, 2000). Even though 
the identification of regulation in relation to a certain activity may be sepa-
rated from one’s other beliefs and values, identified regulation is relatively 
autonomous compared to external and introjected regulations. Finally, the 
most self-determined form of extrinsically motivated behaviour is ‘integrated 
regulation’, within which the activity has personal importance for a valued 
outcome. It occurs when identifications have been evaluated and brought into 
congruence with personally-endorsed values that already are a part of the self. 
Integrated extrinsic motivation shares many qualities with intrinsic motiva-
tion, but the difference is that intrinsically-motivated behaviours are done for 
the sake of interest and enjoyment, whereas behaviours controlled with inte-
grated regulations are conducted to attain some personally-important out-
comes. However, the behaviour can still be classified as autonomous, as the 
value of the outcome is well integrated with the self.  
‘Intrinsic motivation’ is characterised by intrinsic regulation and self-
determined behaviour. Intrinsically-motivated individuals engage in certain 
activities freely, directed by feelings of interest and enjoyment. According to 
Ryan and Deci “the basis of intrinsic motivation is interest” (2009, p. 177) 
and intrinsically motivated behaviours are conducted because of the inherent 
satisfaction of the behaviour per se, not because of any external consequences 
or reinforcements separable from the activity (Ryan & Deci, 2002).  
It is important for a teacher to understand that there are qualitative differ-
ences in student motivation. Students with autonomous motivational profiles 
(intrinsic motivation and the well-internalised forms of extrinsic motivation) 
have higher grades, are more diligent in their studies, learn better, are more 
satisfied, and experience more positive emotions towards school in general 
(Guay, Ratelle, & Chanal, 2008; Niemiec & Ryan, 2009; Reeve & Halusic, 
2009). In a broader context, autonomously-chosen goals are related to indi-
viduals’ increased likelihood of attaining their goals and thus enhancing their 
well-being (Vasalampi, Salmela-Aro, & Nurmi, 2009). Tuominen-Soini 
(2012) argues that students with mastery orientation and success orientation 
are both highly engaged in schoolwork, but as the success orientation is re-
lated to external aspects, such as competition with peers, these two orienta-
tions bear different relations to overall well-being, even though they may 
appear similar to the teacher. Desire to understand and enjoying learning per 
se are related to greater well-being (Tuominen-Soini, 2012).  
The regulatory style of a particular student is important because it medi-
ates the effect of a given psychological need on behaviour. Individual factors, 
such as cognitive and self-regulatory resources, influence how students cope 
with different levels of choice (Pintrich, 2003). The balance between choice 
and control has to be carefully considered to reach the best possible outcomes. 
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The classroom challenge is to organise an optimal amount of choice and 
control for all students, tailored to their different self-regulatory profiles. 
Individuals with different motivation orientations develop interest in science 
learning through engaging in activities that may fulfil their basic psychologi-
cal needs, but different aspects of the activity appeal differently to students. 
For instance, students with autonomous motivation will refer to facts that 
might be related to their life goals, creativity, and personal development as 
important for their interest development, whereas students with extrinsic 
orientations will refer to facts that fulfil their needs for wealth, approval, and 
attractiveness as important for their interest development (Deci & Ryan, 
2008). From the educational point of view, in an ideal situation students 
should identify with the importance of the curricular aims and thus fully 
accept them as their own. If intrinsic motivation is not evident, which might 
well be the case in a school context as the curriculum defines what the stu-
dents have to study, it is still worth considering whether the learning task is 
introduced in a way that supports or controls autonomy. Internalisation of 
extrinsic regulation is essential for students to maintain appropriate orienta-
tion towards an activity if the activity is not intrinsically interesting (Niemiec 
& Ryan, 2009). Lavigne, Vallerand, and Miquelon (2007) argue that science 
teachers' support of student autonomy may have an impact on students' 
autonomous motivations towards science, and even on their pursuit of work-
ing in science-related fields. The time spent at school constitutes a great pro-
portion adolescents’ waking hours, and therefore it is important that teachers 
internalise the significance of offering students autonomy. choice, and possi-
bilities to enhance their feelings of competence and social relatedness. This 
study examines one possibility to realise these ideas in the context of science 
education. 
 
4.2 Interest development 
Interest motivates people to learn (Silvia, 2008; Deci, 1992). Thus, from the 
educational perspective the challenge is to get students interested. Interest is 
always dependent on content, and it is aroused as a function of the ‘interest-
ingness’ of the event or object (Schraw, Flowerday, & Lehman, 2001). Inter-
est cannot exist without a concrete or abstract object on which it can focus. 
This is essential to the Person-Object-Theory of Interest (POI), in which 
interest is conceptualised as a specific kind of relationship or quality of a 
person to the specific object (Krapp, 2002, 2005). This person-object rela-
tionship, which is subjective in nature, underlies changes over time. Instruc-
tion that aims at triggering and developing student interest may be successful 
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if it challenges the students’ initial subjective relationship with the topic or 
learning activity at both the emotional and cognitive levels (Krapp, 2005).  
Interest is considered as “a unique motivational variable, as well as a psy-
chological state that occurs during interactions between persons and their 
objects of interest, and is characterised by increased attention, concentration 
and affect” (Hidi, 2006, p. 70). In a classroom situation, a topic-specific situ-
ational interest could develop into a relatively-stable, predisposition-like 
interest with high personal relevance (so-called individual or personal interest) 
to “the whole spectrum of contents and actions that make up the curriculum 
of an entire educational program” (Krapp, 2005, p. 382), if aroused repeat-
edly and maintained (Hidi et al., 2004; Hidi & Renninger, 2006; Krapp, 
2002). More specifically, Hidi and Renninger (2006) presented a four-phase 
model of interest development. The model encompasses the following phases: 
triggered situational interest, maintained situational interest, emerging per-
sonal interest, and well-developed personal interest.  
In a classroom setting, triggered situational interest is sparked by envi-
ronmental features and mainly supported externally, and may cause positive 
changes at both cognitive and emotional levels. Maintained situational inter-
est is related to students’ continuous, externally-supported involvement with 
the topic. The maintained situational interest may transform into emerging 
personal interest in the topic or activity, but often students still need external 
support and encouragement to preserve and nurture that interest. If supported 
appropriately, students will then probably move to the fourth and final phase, 
which is called well-developed personal interest. Students in the fourth phase 
have a relatively enduring predisposition for being engaged in the activities 
that comprise a specific topic. If their interest is supported and sustained 
either through the efforts of others, or because of challenges or opportunities 
that a person acknowledges in a certain task, the four phases are considered 
to be sequential and distinct, representing a form of cumulative, progressive 
development (Hidi, 2006). However, this does not mean that identical sup-
port from others leads to all students in a class achieving a well-developed 
personal interest at the end of the teaching process. On the contrary, there are 
usually individual differences within a group of students (e.g. Guay et al., 
2010). The development of interest-based motivation in school settings be-
comes an important tool for the emergence and stabilisation of individuals’ 
interest in certain domains and the stabilisation of a more general motivation 
orientation towards the domain. 
The starting point is to trigger situational interest in the topic or learning 
activity and then help students to establish a personally-important relation-
ship with or a personal interest in it. Triggering situational interest is partially 
under the control of the teachers by means of their organizing stimulating 
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learning environments and activities. According to Silvia (2008), the evalua-
tion of the ‘novelty and complexity’, and the evaluation of the ‘comprehensi-
bility’ of an event are crucial to becoming interested in it. Palmer (2009) adds 
learning, choice, physical activity, and social involvement to the list of as-
pects that have an effect on situational interest. If successfully captured and 
maintained long enough, spontaneous situational interest may turn into more 
permanent individual interest (Hidi & Renninger, 2006; Krapp, 2002) that is 
related to an individual’s feelings or values (Schiefele, 1999), meaning that 
the content or context of the activity is considered interesting, enjoyable, or 
personally valuable by a learner.  
The Person-Object Theory of Interest (POI), which is followed in this re-
search in terms of the development of interest, agrees about the importance of 
the fulfilment of basic needs. The POI has borrowed the idea of the role of 
basic psychological needs from the SDT (for a review see Krapp, 2005; 
Krapp & Prenzel, 2011). The two theories, however, differ in the way they 
perceive the role of the three basic psychological needs in relation to the 
individual differences in interest and motivation development. The POI ac-
knowledges that the cumulative experience from the feedback individuals 
have with respect to their basic needs “has an influence on both the short-
term approach or avoidance tendencies that are relevant for establishing a 
situational interest, and the adaptation of the content-structure of an individ-
ual’s pattern of relatively stable preferences (e.g., individual interests)” 
(Krapp, 2005, p. 387). Thus, for POI the amount and the quality of need-
related prior experiences are deemed to have an impact on the emergence, 
development, and stabilization of interest and interest-related motivation 
orientations.
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5 Inquiry-based science teaching 
 
Inquiry is a significant theme in the field of science education, and different 
approaches to inquiry in science education are presented, for example, Sci-
ence Education and Science Teacher Education, edited by Hoveid and Grey 
(in preparation). This design-based research project was conducted following 
the principles of inquiry-based science teaching (IBST). ‘Inquiry-based’ in 
this project means that there are learning tasks encompassed in the procedure 
that are open in nature and that are not automatically followed by correct 
answers from the teacher or from the learning material. Students generate 
their own products, and the results of the project depend largely on how stu-
dents accomplish the tasks during the project, and which aspects they want to 
emphasise.  
When defining IBST, the framework constructed by Minner, Levy, and 
Century (2010) is followed. They argue that components of inquiry instruc-
tion are: formulating the question to be investigated, designing the investiga-
tion, collecting and organising data, drawing conclusions, and communicat-
ing the results. Inquiry science instruction, of course, also has the aspects of 
the presence of science content, student engagement with science content, 
and emphasis on student responsibility for learning, students’ active thinking 
and student motivation. The last three should take place within at least one of 
the components of inquiry instruction. A table presenting the construction of 
Minner & al. (2010) appears in Appendix 4. In this study, their definition is 
enriched with the view of Anderson (2007), who emphasises that student 
engagement with science content should encompass epistemologically 
authentic procedures like reasoning, posing of questions, and designing ex-
periments, and, furthermore, social interaction and collaboration.  
Traditionally, inquiry activities in science education are organised in 
laboratory settings. However, an industry site visit could also be organised 
according to inquiry teaching principles, with students formulating the ques-
tion to be answered through interviews and observations, designing the visit, 
collecting and organising interview data and observations, drawing conclu-
sions, and communicating how visit outcomes related to materials science 
content. The details of what students do during the sequence are described in 
the Chapter 7.  
From the point of view of motivation, IBST has the potential of promot-
ing the fulfilment of students’ basic psychological needs, because within 
IBST, motivating the students is not just an isolated and mechanistic phase in 
the beginning of the lesson that appeals to students’ curiosity; rather, support 
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for motivation is built into many phases of the instruction. As mentioned, 
supporting the fulfilment of psychological needs facilitates the internalization 
of the regulation of one’s behaviour (Ryan & Deci, 2002). In the framework 
suggested by Minner et al. (2010), the main categories of the aspects that an 
inquiry instruction ought to encompass are in accordance with the construc-
tion of the basic psychological needs proposed by SDT. 
 
Figure 2. Accommodating the characteristic features of IBST with the principles of 
the SDT (Juuti, Loukomies, & Lavonen, 2013). 
 
Figure 2 illustrates how the connection between aspects of Minner et al.’s 
IBST and conditions for enhancing student motivation according to SDT is 
understood in this research. As the figure shows, there is potential within 
IBST instruction for generating autonomously-regulated behaviours. In more 
detail, students’ autonomy may be supported by not controlling the students 
externally with, for example, tests, but by letting the students’ voices be 
heard and taking their perspectives into account, offering the students choice, 
speaking in a non-controlling manner, allowing time for learning, and also 
offering them a meaningful rationale about why particular activities are un-
dertaken (Reeve & Halusic, 2009). Students are allowed to take responsibility 
for their own learning, to set goals together with the teacher, to proceed ac-
cording to their plans to reach the goals they set, and to plan activities indi-
vidually or in small groups. The students’ competence, in turn, may be sup-
ported by choosing tasks with optimal difficulty levels, and offering students 
appropriate feedback. Students combine their previous knowledge with the 
new topics to be learnt, and tailor information structures that they can com-
prehend. Finally, students’ feeling of relatedness may be supported through 
collaboration and interaction in small groups that give them the feeling that 
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they are valued and respected (Niemiec & Ryan, 2009), or with the kind of 
interaction with the teacher that tells students that the teacher values them. 
Students may take part in group activities and support each other by discus-
sions that include sharing, explaining, debating, and questioning ideas. Fi-
nally Inquiry instruction may help students engage in learning in real-life 
situations or in those that simulate real-life instances, and thus promote both 
interest and a sense of the subject’s relevance. 
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6 Out-of-classroom science learning 
 
There is a wide variety of contexts for learning science which occur outside 
the normal classroom, as outlined in Learning Science Outside the Classroom, 
edited by Martin Braund and Michael Reiss (2004). Contexts for science 
learning encompass, for example, museums and science centres, zoos, farms 
and botanic gardens, and the outdoors in general, all of which they term the 
‘actual’ world. Learning in museums and science centres has been widely 
researched (e.g. Anderson, Lucas, Ginns, & Falk, 2000; Falk & Storksdieck, 
2005). Studying science in industrial sites is a less-commonly researched 
topic, and therefore this study has industry site visits as its focus.  
Taking science classes outside the classroom may benefit many aspects of 
learning and motivation. Bransford, Brown, & Cocking (2000) and Donovan 
& Bransford (2005) emphasise the contextual aspect of learning new con-
cepts. Any new concept is adopted as a part of one’s knowledge structure 
more effectively if it is introduced in a variety of contexts, in this instance the 
contexts of classroom and the real world. Braund and Reiss (2006, p. 1376) 
list five ways in which out-of-classroom settings can improve learning: im-
proved development and integration of concepts, extended and authentic 
practical work, access to ‘big’ science and rare materials, improved attitudes 
to school science and social outcomes, more detailed collaborative work, and 
responsibility for learning. Furthermore, the approach of studying outside the 
classroom walls aims to make science learning more relevant and accessible 
to students (Braund and Reiss, 2004, p. 2), and encourage them to think more 
about science and its relationships with society and consequently with them-
selves (Braund & Reiss, 2006). An expert speaking enthusiastically about a 
particular scientific discipline may have a strong impact on students who are 
considering their future careers (Astin, Fisher, & Taylor, 2002). Even the 
simple fact that such visits are entertaining for most students provides an 
opportunity for developing their long-term interest.  
Out-of-classroom studying also enables students to observe and partici-
pate in activities that would be impossible to do at school, and thus offers 
them an additional perspective on the topic in question. This is what Braund 
and Reiss (2006) refer as ‘big science’. Encountering science topics in a 
broader context than the traditional science class improves students’ scien-
tific literacy, their awareness of how organizations respond to environmental 
requirements, and their awareness of the wide range of science-related career 
possibilities (Parvin & Stephenson, 2004). Parvin and Stephenson also report 
that their research with primary students shows that after an industry site visit, 
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students’ awareness of, for example, the raw materials used and processes 
involved in a given company, equipment, working environments, and scien-
tific careers had become more accurate than before the visit. Students also 
began to see the links between science and industry, and they evaluated the 
site visit and related lessons as interesting.  
Because significant effort is required when organising a site visit, it is 
important to profit from all the work that is done for the visit. Therefore, it is 
important that the visits cohere closely with the aims of the science curricu-
lum, so that the visit and discussions and activities in the school laboratory 
complement each other in the best possible way. In his research, Kisiel (2005) 
found out that reinforcement or expansion of the curriculum were the main 
reason why teachers organised out-of-school visits. However, according to 
his review, he argues that many students go to visits unprepared, without a 
clear image of the aims of the visit. Furthermore, the teachers had not clearly 
adapted their roles in the preparation for and follow-up to the visit (De Witt 
& Osborne, 2007). A clear structure of the visit that includes thoughtful 
preparation and follow-up activities that facilitate the organisation of the new 
knowledge gathered during the visit will help take full advantage of the time 
spent on such a sequence.  
When establishing collaboration between schools and industrial enter-
prises, both the science curriculum and the expectations of the industrial 
enterprise have to be considered. Industrial enterprises have various reasons 
for engaging in school outreach, from public relations to future recruiting 
initiatives. Countries like Finland rely heavily on the industrial sector, and 
future experts and other kinds of employees will be needed. Inviting student 
groups for visits is a good opportunity to promote knowledge concerning a 
given industrial sector and careers related to it. Because companies have their 
own aims when inviting student groups to visit them, and some of them even 
have ready-made plans for such visits, it is important that the teacher of a 
visiting group keeps the curricular aims clear and also informs the company 
of those aims. Otherwise, there may not be suitable occasions for students’ 
data gathering, or the visit may focus on irrelevant aspects from the point of 
view of the topic to be studied. It would be best if a teacher visits the com-
pany in person before the official site visit in order to help with planning; the 
teacher should also remember to gather feedback from the students and share 
it with the company. In their case study conducted in New Zealand, Brunton 
and Coll (2005) have identified some possible barriers to school-industry 
links, centred around resources, logistics, and security and safety issues. All 
these obstacles may be diminished or overcome by contacting the company 
in the preparation phase and by careful joint planning with company person-
nel.  
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Based on the literature review of research on learning science in the out-
of-classroom setting, it is concluded that industry sites are a less commonly-
examined context. The contribution of this study to this area of research is a 
teaching sequence that is clearly structured but allows modifications based on 
particular teachers’ needs, that is clearly integrated with the curricular aims, 
and that is based on theory-based knowledge about motivation and interest. 
The detailed structure of the site visit teaching sequence and the intended 
learning outcomes of it are described in the next chapter.  
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7 Industry site visit teaching sequence: An over-
view  
 
This chapter describes what was designed based on the literature reviewed in 
Chapters 1–6. The structure of the site visit teaching sequence is outlined in 
order to offer the reader an understanding about the context of this research, 
and to offer a view on what the students actually did. The design process 
(with several implementations of the teaching sequence), the theory-based 
conjectures embodied in the design that aimed at enhancing students’ motiva-
tion, the scientific content and intended learning outcomes of the sequence, 
and the decisions that were made during the design process are described and 
scrutinised in depth in Chapter 9. 
The designed site visit teaching sequence offers an alternative and flexi-
ble way of teaching science. In this particular case, it is related to materials 
science content, but it can be applied to other science content as well. It is 
described in detail in the student book prepared for the sequence (Lavonen et 
al., 2009) and in the teacher guide for the sequence (Loukomies et al., 2009). 
Preparing that material has been essential to this study.  
 
The sequence consists of:  
 
Preparing phase: inquiry and classification activities for helping stu-
dents to understand the science content encountered in the site visit, 
searching for information on the Internet, deciding about the perspective 
of the report, preparing questions to for company personnel; 
 
Site visit phase: observations, interviewing company personnel, gather-
ing data; 
 
Processing phase: preparing articles based on the data, employing the 
process writing technique, concept-mapping activities with, for example, 
Cmaptools, in order to get an structured view of the topic. 
 
Before the visit the students prepare themselves by searching for information 
about the company on the Internet and the use and production of materials at 
the site. Using information and communication technologies (ICT) is consid-
ered an interest-awakening aspect in the learning environment (Hidi & Ren-
ninger, 2006). Students also prepare questions that will be sent to the com-
pany and plan interview questions concerning manufacturing processes or 
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material-science occupations and careers at the site. In this phase, there are 
many decisions that students can make, and it encourages students’ feelings 
of autonomy. Students report on the visit by writing articles about an aspect 
that holds particular interest for them. When preparing their writing tasks, 
students first get acquainted with the company and its specific branch of 
industry through the company’s web presence, then plan the perspective of 
their own articles, and finally decide about a specific focus for their topic. 
Topics chosen by students may be, for example, ‘materials used in produc-
tion’, ‘raw materials and their origins’, ‘quality control’, ‘processes at the site’ 
or ‘different occupations and the education needed for those occupations’. 
From the point of view of learning materials science, students conduct classi-
fication tasks to orient themselves towards their topic. An example of the 
allocation of time resources recommended in the student book (Lavonen & 
al., 2009) is presented in Chapter 9. 
Students also conduct inquiry tasks in order to prepare themselves for en-
countering the science content in the visit. Given that this design research 
process took place in the materials science context, the inquiry tasks were 
also related to the properties of materials. The activities were conducted in a 
Predict-Observe-Explain (POE) sequence. The POE strategy was developed 
by White and Gunstone (1992) to uncover individual students’ predictions 
about a specific event, and their reasons for making those predictions. In the 
sequence, POE is used within a science inquiry activity and guided via a 
student worksheet. The POE strategy can be used for determining students' 
initial ideas, existing models, or internal representation, providing teachers 
with information about students’ thinking, generating discussion, motivating 
students to want to explore the concept, and designing investigations. The 
POE procedure is described in detail in Chapter 9. In the inquiry activities of 
this sequence, models of materials were emphasised. 
For the visit, students have a task much like investigative journalist’s. Be-
fore the site visit, they familiarise themselves with the journalist’s job and 
study how to write articles. They collect data for their articles by conducting 
short interviews during the visit. The visit starts with an introduction to the 
activities of the company. A visit to the factory, with students divided into 
small groups, then follows. Finally, the students have the opportunity to in-
terview a variety of staff members in small groups. During the site visit, the 
students take notes about what they see and hear and interview personnel 
whose expert knowledge is relevant from the point of view of the topic of the 
students’ articles.  
After the site visit, students write articles about certain aspects of the visit 
in collaborative groups, using a process writing technique that emphasises 
peer feedback. The writing process takes place within weeks, and encom-
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passes a large number of different phases, from choosing the topic and per-
spective, compiling interview questions, conducting interviews and making 
notes, browsing the web in order to acquire information to enrich the written 
product, writing the text, defining the language, and ending with the appear-
ance of the article; the students move through all the phases in collaboration 
with peers. The writing task helps students to organise the new knowledge 
they have gathered during the sequence.  
The language and literature teacher explicitly teaches what an article is 
like as a text type, and what its style, language, and appearance should be. 
Content, structure, and form are emphasised. The text should encompass the 
student’s own observations and discussion, and multiple information sources, 
such as interviews, information from the web and pictures, should be used in 
a fluent way. The appearance of the article should correspond to in article in 
a magazine, meaning that the article should encompass the following parts: 
main heading, introduction, division into paragraphs, possible subheadings, 
pictures and captions, possibly figures, charts, and drawings, and the names 
of the authors . The writing style should be matter-of-fact, but the style is not 
solely on the students’ responsibility, as during the writing process the 
teacher gives comments and feedback, and thus the style and spelling are 
shaped collaboratively. If the style and structure are emphasised appropri-
ately in the instruction, the end results should be texts that really are articles 
and not traditional school reports.  
After presentations of the articles, students’ knowledge acquisition and 
the industry site visit as a whole are assessed through evaluation discussions 
and evaluation questionnaires (Lavonen et al., 2009); feedback is sent to the 
company contact person as well. The preparation phase enables the students 
to scrutinise their pre-conceptions about the topic, and processing helps them 
to develop their metacognitive skills, as feedback is offered to them. Both of 
these aspects are essential if learning is to be effective (Donovan & Bransford, 
2005). The science teacher and the language arts teacher must work in close 
collaboration during the sequence. 
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8 Data collection methods 
 
The research task in this study was to examine which particular aspects of the 
design have appealed to particular students and enhanced their motivation 
and interest, and what scientific content students have learnt within the pro-
ject. The mixed-methods approach was employed when collecting data in 
order to answer the research questions. Because the same data is related to 
different substudies, the data collection methods are introduced before report-
ing the substudies. 
During this DBR project, a site visit teaching sequence was designed, and 
a pilot test, two different cycles of design, implementation and refinement, 
and a final trial were conducted. Lower secondary school students (aged 14–
15 years) participated in the study in all cycles. After each cycle of imple-
menting the designed teaching sequence, several sets of data were collected 
in order to answer the research question, using multiple sources of evidence 
(video recordings, student and teacher interviews, meeting memoranda, and 
questionnaires) according to the accepted principles of case study research 
(Yin, 1994). All the cycles included students from different schools. The 
empirical data encompasses the experiences and views of students, teachers, 
and external evaluators. Data collection is a means of formative evaluation of 
any DBR project, as the data were analysed within the project before moving 
to the next cycle. In addition, the data was also analysed retrospectively, once 
the entire project was completed. The conclusions, which emerged from the 
analysis of the data and evaluations of the process, guided decisions about 
redesigning elements of the process. Table 1 describes the data collection 
methods employed during the designing and testing activities. 
 
Table 1. Data collection methods during the cycles. 
 
Cycle  Data 
Pilot Cycle, Okmetic Plc, 2007  -Students’ evaluation questionnaire, 
Likert scale (N=21) 
-Students’ evaluation questionnaire, 
open questions (N=21) 
-Video recordings of the planning 
phase and the visit 
 
First Cycle, Vaisala Plc, 2008  
-Video recordings of the planning 
phase and the visit 
-ESIAQ (N=14) 
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-AMQ (N=14) 
-Interview of the teacher 
-Interview of the students (N=4) 
-External experts’ evaluation  
 
2nd Cycle, Metso Automation Plc, 
2008  
-Video recordings of the planning 
phase and the visit 
-ESIAQ (N=15) 
-AMQ (N=15) 
-Interview of the students (N=4) 
-Interview of the teacher 
Final trial, 2009 Group interview of the teachers 
 
8.1 Evaluation of Science Inquiry Activities Questionnaire 
(ESIAQ) 
The Evaluation of Science Inquiry Activities Questionnaire (ESIAQ)1 (Ap-
pendix 1) was employed in this research in order to track the teaching se-
quence-related change in students’ motivation towards school science. It is 
based on the ‘Intrinsic Motivation Inventory’ (IMI), a multidimensional 
measurement for assessing participants’ subjective experience related to a 
target activity, that has been used widely and that is internationally validated 
(e.g. Deci, Eghari, Patrick, & Leone, 1994; Ryan, 1982). The questionnaire is 
available on the official web site of the self-determination theory. Originally, 
the IMI was developed to be used in intrinsic motivation laboratory experi-
ments, in which participants have worked on an interesting activity under 
some experimental condition. In the IMI, their levels of interest and enjoy-
ment, perceived competence, effort, value and usefulness, felt pressure and 
tension, and perceived choice while they were performing the activity are 
assessed. The criterion for inclusion of items on subscales is a factor loading 
of at least 0.6 on the appropriate subscale and no cross loadings above 0.4 
(www.selfdeterminationtheory.org/questionnaires).  
When converting the wording in the questionnaire to make it suitable for 
science education research, the questionnaire was also renamed Evaluation of 
Science Inquiry Activities Questionnaire (ESIAQ). This research was not 
conducted in an experimental laboratory setting, and therefore it was not 
possible to distinguish the ‘activity’ under scrutiny explicitly from other 
activities that students conduct during the school day. In the Finnish transla-
                                                           
1 ESIAQ is based on Intrinsic Motivation Inventory (IMI), 
http://www.psych.rochester.edu/SDT/measures/intrins.html  
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tion the term that was used instead of ‘activity’ was ‘science inquiry activity’. 
In this research study, before the sequence ‘science inquiry activity’ meant 
typical science learning activities, like practical school laboratory work. After 
the sequence, however, the term included the designed site visit teaching 
sequence. The students were advised what was meant by ‘science inquiry 
activity’ both before and after the teaching sequence. The Finnish translation 
was conducted in an iterative process. First, I translated the questionnaire into 
Finnish. Then another researcher translated the Finnish version back to Eng-
lish, and the original and the translated English versions were compared, and 
required revisions were conducted. The items within subscales were ran-
domly ordered in the questionnaire, and the word order of some questions 
was reversed.  
The ESIAQ uses a seven-point Likert scale (1=‘item in my case is not at 
all true’ through 7=‘item in my case very true’). Ordinal scales, like Likert’s, 
have been widely used in asking for opinions and attitudes. The strength of a 
Likert scale is in the subtlety of the responses (Cohen, Manion, & Morrison, 
2007). Measurements developed for interval scales, for example counting 
means and standard deviations, may be employed for ordinal Likert scale 
measurements (Metsämuuronen, 2006). In the beginning of the analysis, the 
scores of the reversed items were reversed by subtracting the numeric item 
response from 8. Sum variables were calculated for each subscale through 
calculating mean values for the responses of each student in this scale. The 
values of each subscale were distributed normally and therefore a paired 
samples t-test was used for comparing the mean values of students’ answers 
for certain subscales at two points of time, namely in the pre- and post ques-
tionnaires, the null hypothesis being ‘there is no significant difference in the 
means of the ESIAQ subscales in the pre- and post questionnaires’.  
In Chapter 9, the ESIAQ data is considered one cycle at a time, whereas 
in Chapter 10, which concerns student motivation, the samples from cycles 1 
and 2 have been combined. Therefore the means, standard deviations and t-
values differ from one substudy to another. 
The instrument measured participants’ interest and enjoyment (7 items), 
perceived competence (6 items), value and usefulness (7 items), perceived 
choice (7 items) and relatedness (6 items). Besides these, five items concern-
ing students’ effort related to the activity and five items concerning experi-
enced tension or pressure during the activity were included in the question-
naire. However, the first five subscales cover the theory-based features that 
were included in the design (support for students’ feeling of autonomy, com-
petence, social relatedness and feeling, and value related interest), and thus 
subscales of effort and pressure and tension were excluded from the statisti-
cal analysis of the ESIAQ. In order to evaluate the reliability of the meas-
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urement, Cronbach alphas were calculated for each subscale of the ESIAQ. 
First the data from cycles 1 and 2 were treated separately for the purposes of 
Chapter 9, and then both cycles together for the purposes of Chapter 10. The 
alphas were typically between 0,6 and 0,9. Two sum variables yielded very 
low alpha values. It may be due to sensitivity of the small sample.  
 
8.2 Academic Motivation Questionnaire (AMQ) 
The Academic Motivation Questionnaire (AMQ)2 (Appendix 2) was em-
ployed in this research in order to distinguish students with different motiva-
tion orientations. It is based on the Academic Self-Regulation Questionnaire 
(SRQ-A) developed by Ryan and Connel (1989), and the Academic Motiva-
tion Scale (AMS) developed by Vallerand et al. (1992); both were based on 
SDT theory (Deci, Eghrari, Patrick, & Leone, 1994; Ryan, Koestner & Deci, 
1991). Three new items were designed for measuring amotivation through a 
deductive approach (Burisch, 1984). Thus, the final instrument consisted of 
29 items and assessed the participants’ amotivation (4 items, α=.95), external 
regulation (4 items, α=.66), introjected regulation (4 items, α=.67), identified 
regulation (5 items, α=.80), and intrinsic motivation (12 items, α=.81). The 
instrument was written in the native language of the participants and re-
sponses were provided on a 7-point Likert scale (1=‘strongly disagree’ and 
7=‘strongly agree’). 
Students answered the AMQ before the teaching sequence in cycles 1 and 
2. The aim of using the questionnaire was to categorise students based on 
their motivation orientation as understood by SDT. In order to discover simi-
larities that likely correspond to different types of motivation orientations, K-
means cluster analyses were conducted. K-means cluster analysis begins with 
defining the initial cluster centres; each observation is connected with the 
nearest cluster centre, and the centres become more specific with new obser-
vations. The iterative search for cluster centres continues until new observa-
tions no longer cause any change in the situation (Metsämuuronen, 2006).  
In this research, three different cluster analyses were conducted in cycles 
1 and 2, presenting three, four and five clusters. Examination of the output 
from each of those analyses led to the choice of a three-cluster solution in 
both cycles. This solution yielded the most interpretable cluster structure. It 
would have been ideal to have five clusters, one representing each SDT-
based motivation orientation (amotivation, extrinsic, introjected, identified, 
                                                           
2 AMQ is based on the Academic Self-Regulation Questionnaire (SRQ-A) and Academic Moti-
vation Scale (AMA), http://www.psych.rochester.edu/SDT/measures/intrins.html.  
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integrated and intrinsic motivation orientations). However, in the five- or 
four-cluster solutions there were two or one clusters, respectively, for which 
no particular motivation orientation could be distinguished. For example, 
perhaps because of the wording of the AMQ, the introjected regulation clus-
ter did not reveal itself even in the five-cluster solution. In order to specify 
the meaning of each cluster, sum variables of the subscale item’s means of 
the participants who were classified in each cluster were calculated. Partici-
pants usually have higher mean scores in their ‘own’ cluster, compared to 
other clusters and the total mean score of all participants.  
The clusters were named on the basis of the subscale that had higher 
scores than others. In the sample, the names ‘identified/intrinsic’ (autono-
mous), ‘amotivation’, and ‘external/identified’ (controlled) were given to 
clusters 1–3, respectively. This distinction is in line with SDT, as it roughly 
distinguishes the different ways of being motivated along the intrin-
sic/autonomous-controlled/extrinsic/amotivation continuum. However, the 
fact that the clustering did not place students into a certain motivation orien-
tation category may suggest that students are not generally reducible to only 
one ‘motivation orientation’. The student’s patterns do not automatically 
follow the categories that emerge from theory, and therefore students’ an-
swers reveal a more detailed picture of their particular motivation orienta-
tions. They may have features of more than one motivation orientation at the 
same time.  
However, the distinction between autonomous and controlled regulatory 
styles and motivation orientations is important from the point of view of the 
benefits of an autonomous regulatory style for an individual (for more detail, 
see Chapter 4). As the data gathering was a primary tool for redirecting the 
design, the clustering and the subsequent interviews were conducted immedi-
ately after each cycle. This means that a students are categorised based on 
their motivation orientations relative to their own groups in that particular 
cycle, and not in relation to the group comprised of the combined samples 
from cycles 1 and 2. The cluster structure might have been different if all 29 
students were treated together as one group. In other words, because of this 
organisation of the groups, there are students that end up located in the same 
category of amotivation, but as a consequence of different cluster analyses.  
The original questionnaires used in this research were created in the Eng-
lish language. An iterative translation technique was used to translate the 
elements of the study from the original English version into Finnish language 
(Brislin, 1986). The measures were translated from English to Finnish by one 
researcher. Another researcher then translated the Finnish version respec-
tively back into English. These versions were then compared with the origi-
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nal and the appropriate corrections were made to the Finnish version until all 
the discrepancies were eliminated. 
 
8.3 Interviews 
Retrospective interviews with individuals that have recently developed a new 
topic-related interest have been proposed as a methodological tool to explore 
the process of interest development at the intra-individual level (Krapp, 
2005). Interviews enable students to express how they regard situations from 
their own points of view, and while they remain somewhat controlled, they 
give space for spontaneity (Cohen, Manion & Morrison, 2007).  
Students (aged 14–15) were interviewed in the two cycles that were coor-
dinated by the researchers. Students were selected for the interviews based on 
their distance from the cluster centre: the aim was to select a student near the 
cluster centre. The cluster analysis of the AMQ aimed at grouping the stu-
dents on the basis of their motivational profiles, and furthermore, the aim was 
to interview students from different motivational categories, in order to hear 
opinions of amotivated students and those with controlled and autonomous 
orientations. This was not possible in every case, largely for practical reasons 
(some students for example were not present at school at the time of the in-
terviews). In order to strengthen and verify the selection, Tables 2 and 3 
presents the means of each selected student in the five subscales. Following 
the above procedure, three students were selected for the interviews. The 
time between the implementation of the sequence and the interview was kept 
as short as possible, and that is why the groups from cycles 1 and 2 were 
treated separately in this phase of the research. In other words, the cluster 
analyses were conducted right after the cycle, and the students were inter-
viewed no more than two or three weeks after the teaching sequence had 
been completed.  
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Table 2. Subscale mean scores of the selected participants from the first cycle of the 
design research. Bolded numbers show the mean score on which participant’s classifi-
cation is based. Italicised numbers show the cases where the mean is high also in 
another subscale. 
 
Participants Amotivation 
External 
Regulation 
Introjected 
Regulation 
Identified 
Regulation 
Intrinsic 
Motivation 
FN_02 5.00 2.75 3.00 2.25 1.92 
FN_06 1.25 5.00 2.75 5.40 4.50 
FN_09 1.00 3.00 2.75 5.00 4.42 
 
Table 3. Subscale mean scores of the selected participants from the second cycle of 
the design research. Bolded numbers show the mean score on which participant’s 
classification is based. Italicised numbers show the cases where the mean is high also 
in another subscale. 
 
Participants Amotivation 
External 
Regulation 
Introjected 
Regulation 
Identified 
Regulation 
Intrinsic 
Motivation 
FN_07 6.00 3.75 2.50 2.20 1.75 
FN_11 4.00 5.25 2.50 4.80 2.17 
FN_15 1.25 5.75 4.50 6.20 3.75 
 
The interviews were semi-structured, meaning that a general structure is set 
up by the interviewer by deciding in advance the topics to be covered and the 
main questions to be asked. The detailed structure, meaning the order of the 
topics and additional clarifying working questions was determined during the 
course of the interview, depending on what emerged in the expressions of a 
particular interviewee. The interviewee had a the freedom to decide how 
much to say and how to express it (e.g. Drewer, 2003). Approximately half of 
each interview concerned motivation and half concerned students learning. 
Thus, both of the dissertation’s large themes were discussed in one interview, 
and, of course, the criteria of selecting students for the interviews were the 
same concerning both topics. The interview situation was informal and con-
versational. The interviews were individual and were conducted in the 
mother tongue of the participants. The aim of the interviews was to reveal the 
features of the sequence that students with different motivation orientations 
identified as triggering their interest in learning science.  
This study is concerned about students’ motivation and the possibilities of 
enhancing motivation by supporting the fulfilment of students’ basic psycho-
logical needs and taking advantage of their interest. The questions were 
planned to reflect adequately the aims of the research and the variables to be 
measured (Cohen, Manion, & Morrison, 2007). The interview protocol was 
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developed according to five motivational axes of the sequence: the most 
interesting or motivating issues (interesting content), possibilities of influenc-
ing the way things were done (support for autonomy), possibilities for col-
laboration with classmates (support for social relatedness), possibilities of 
feeling competent during the learning tasks (support for competence), possi-
bilities of revealing the feelings of interest and enjoyment that emerged 
within the student groups (enjoyment). The interview protocol started with 
asking students about their experiences and opinions about the site visit 
teaching sequence at a general level. The following questions reflected as-
pects related to the motivational and interest-related features embodied in the 
sequence (or the variables to be examined). When designing, these features 
were considered with wording such as ‘students’ feeling of autonomy will be 
supported...’. However, it was obvious that students aged 14–15 cannot be 
asked about their feelings of autonomy using such difficult concepts, and thus 
the questions were formulated in order to be more easily understood by the 
students. For example, the fulfilment of the students’ need for autonomy was 
clarified by asking ‘What kinds of possibilities did you have to influence the 
way things were done during the site visit teaching sequence?’. The fulfil-
ment of their need for social relatedness, was clarified by asking for example 
‘What kinds of possibilities to work together with your classmates did you 
have during the site visit teaching sequence?’ The full interview questions are 
presented in Appendix 3. The focus was on how students reflected the fulfil-
ment of their three basic psychological needs. Questions answered with a 
simple, immediate affirmative or negative were followed by the question 
‘why?’ or a request to explain in more detail.  
Concerning the second part of the interview, namely students’ reflections 
on what they remembered about the content of the teaching sequence, the 
interview protocol was based on the aims of the sequence. The interview 
questions in this part reflected the intended learning outcomes and dealt with 
materials encountered during the visit, products that were manufactured from 
these materials, and careers and professions that were related to the company. 
There also were additional questions concerning students’ view of their own 
mind maps before and after the visit.  
The interviews were recorded, transcribed completely, and then analysed. 
The analysis of the interviews followed the principles of theory-driven con-
tent analysis (Patton, 2002; Tuomi & Sarajärvi, 2002), as the categories for 
the analysis deductively emerged from the theory. According to the interview 
protocol, after a preliminary reading of the transcriptions, a theme was de-
fined as a unit of analysis. Themes concerned the basic needs and units of 
analysis were coded on the grounds of the basic need they illustrated. The 
codes were AU (support for the need of autonomy), CO (support for the need 
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for competence), SR (support for the need for social relatedness), FEE (sup-
port for feeling-related interest), VALUE (support for-value related interest), 
CON (support for content-related interest) and CNTX (support for context-
related interest). The last four are aspects of interest. There were also more 
specific subcategories in the main categories.  
 
Table 4. Interview analysis categorization 
 
AU AU1 Active co-planning of a teaching unit (or a large learning 
activity) by students; 
AU2 Activities that support a feeling of autonomy or situa-
tions where a student could make choices on how to perform 
alone (including use of ICT); 
AU3 Activities that support a feeling of autonomy or situa-
tions where students could make choices in a small group on 
how to perform in small groups; 
AU4 Use of student-centred learning methods; 
CO CO1 Activities that support a feeling of competence or suc-
cess in performing a task alone (including use of ICT), or 
tasks which are possible for most students to solve, or there 
are differentiation in the task according to students’ abilities; 
CO2 Activities (in a small group) that support a feeling of 
competence or success in performing a task (including use of 
ICT); 
CO3 Use of constructive evaluation methods (self and group 
evaluation); 
SR SR1 Activities in small groups that support feeling of social 
relatedness (feeling that students are part of a successful team 
or feeling of being close to peers when working towards the 
goals of the activity), including use of ICT; 
SR2 Activities that support the feeling of trust and respect 
amongst peers; 
FEE FEE1 Activities that awaken curiosity; 
FEE2 Activities that hold attention; 
FEE3 Activities that are fun or enjoyable to perform; 
VALUE VALUE1 Activities that awaken value-related components of 
interest, such as activities with some value from the point of 
view of science learning (benefit) or future studies or career, 
or activities that support the feeling of the importance of 
working; 
VALUE2 Activities that value students’ own ideas;  
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CON CON1 Activities that support the feeling that properties of 
materials are interesting content; 
CON2 Activities that support the feeling that learning science 
in a material science context is interesting; 
CNXT CNXT1 Interesting context; 
 
In the second part of the interview, themes that were selected as units of 
analysis were coded on the grounds of the aims of the sequence. The codes 
were occupations, materials and products. The results of that part of the 
interview are discussed in Chapter 10.  
The interviews took from twenty to twenty-nine minutes, and they gener-
ated eight to thirteen pages of transcripts each. I read the students’ answers 
several times. First, the interviewees’ utterances were associated with the 
main category features mentioned above. Second, reduced expressions in 
English were composed after distinguishing the relevant issues from the ones 
focusing on something else, and encoded with the relevant category code in 
the analysis table. Students’ word-for-word quotations, the English transla-
tions of the word-for-word quotations, and the coded reduced expressions of 
these quotations were arranged in the analysis table. Finally it was confirmed 
that the categorisation agreed with the original Finnish expression.  
Both teachers from cycles 1 and 2 were also interviewed. They were 
asked about same themes than the students, but the perspective was the 
teachers’ interpretation about how the motivation- and interest-supporting 
features embodied in the sequence appeared in the implementations. After the 
final trial, six participating teachers were interviewed with a similar protocol 
as in previous cycles. 
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9 Design and development of the site visit teaching 
sequence Materials Around Us: Description of 
an iterative process 
 
In this chapter, the iterative design and development process of an inquiry-
based industry site visit teaching sequence Materials Around Us is described. 
The aim of this chapter is to introduce the design process, especially the em-
bodied theory-based conjectures, to analyse retrospectively the decisions 
made within actions and state the rationales for them. In addition, I present 
and discuss what may have been learnt about introducing materials science in 
schools using an industry site visit as a pedagogical approach.  
The design process took place in years 2007–2009 and was conducted ac-
cording to the principles of DBR (DBRC, 2003; Juuti & Lavonen, 2013). The 
research literature concerning the quality standards of DBR on the one hand 
and literature concerning students’ motivation and interest on the other con-
stitute the research literature on which this chapter is based. The literature 
that constitutes the grounds of the design, namely research concerning stu-
dent motivation and interest, inquiry-based science teaching, and science 
learning outside the school context is covered in Chapters 4, 5, and 6. The 
quality criteria of the DBR and how this research project met these criteria 
are considered in detail in Chapter 12.  
To ensure the quality of design and research in a DBR project, certain as-
pects need to be taken into account. From the design point of view, the nov-
elty and usefulness of the design solution were considered critically, from the 
point of view of organising site visits in Finland in the context of science 
education. There is a long site visit tradition in Finland, involving especially 
visits to science centres and museums, but also to industry sites (Kuitinen & 
Meisalo, 1988). Site visits are highly recommended in the National Core 
Curriculum that now also includes entrepreneurship education as an intercur-
ricular issue (Framework Curriculum for the Comprehensive School [FCCS], 
1994; National Core Curriculum for Basic Education [Finland, NCCBE], 
2004), but according to students, they are seldom well-organised (Juuti & al., 
2010). The companies also benefit from such visits. Many of the industrial 
sites, which are open to visits, have either by themselves or with the input of 
teachers developed visitor programs or student materials corresponding to 
school subjects. The common characteristic among all programs and study 
materials is that they guide students to familiarise themselves with the site 
before the visit, gather information during the visit, and work with the new 
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information afterwards. This process follows the ideas of Storksdieck (2001), 
who argues that the student preparation phase and examinion of students’ 
prior knowledge and attitudes and a follow-up are essential to connect the 
visit successfully to the curriculum. Despite the emphasis on visits in science 
education, based on Finnish PISA 2006 Scientific Literacy Assessment data, 
the teaching methods and learning materials in Finland are notably traditional 
and emphasise a combination of teacher-delivered instruction and student-
conducted experiments (Lavonen & Laaksonen, 2009).  
The demands of theory-based design (Edelson, 2002) were taken into ac-
count by grounding the design in literature that concerns inquiry-based sci-
ence teaching, motivation, interest and learning about the properties of mate-
rials. In order to understand Finnish students’ interest in science and science-
related careers in more detail, two large surveys were conducted in Finland 
before this project (for details, see Lavonen, Byman, Uitto, Juuti & Meisalo, 
2008; Lavonen et al., 2008). According to these surveys, student interest in 
science and science-related occupations may be increased by: choosing con-
texts emphasising societal issues in science education and the role of human 
beings in science-related situations; choosing teaching methods, such as a site 
visit, that help students to become familiar with the use of science in society, 
tailoring learning activities that emphasise students’ collaboration and feel-
ings of autonomy and engagement, and demonstrating the particular charac-
teristics of occupations. This valuable information has been taken into ac-
count when designing and developing the sequence and the learning material 
related to it.  
The designing process took place as a shared activity of researchers and 
teachers in order to generate solutions that facilitate more effective ways of 
teaching and studying (Juuti & Lavonen, in press). The iterative design proc-
ess, meaning the planning and reflection sessions with researchers and teach-
ers and implementations of the sequence in different cycles, was carefully 
documented and formatively evaluated throughout the whole project, and 
retrospectively analysed. Retrospective analysis of formative evaluations 
enabled tracking the changes that were made during the process, and offered 
justifications for these changes. As a result, some new knowledge about stu-
dent motivation in the context of science education and a transferable design 
solution, an inquiry-based site visit teaching sequence, were generated.  
 
9.1 Research question of the first substudy 
The aims of designing and refining the teaching sequence and enhancing 
students’ motivation and interest in science learning and related occupations 
are intertwined, because information about the fulfilment of the aims of the 
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teaching sequence also offers insight into the success of the operationaliza-
tion of the theoretical constructs and, furthermore, the design per se. The 
formulation of the research questions encompasses both aspects of the project, 
the aspect of designing a teaching sequence, and the aspect of students’ moti-
vation. The research question is:  
 
How was the site visit teaching sequence designed and revised during an 
iterative process according to the theory-based conjectures about motiva-
tion and interest, and what did the analysis of these conjectures reveal? 
 
The research question of this substudy is answered on the basis of the forma-
tive evaluation that took place during the project, e.g., feedback of external 
evaluators and participant teachers, and by analysing students’ interviews.  
 
9.2 Designing the site visit teaching sequence by embody-
ing theory-based conjectures  
The starting point of the design process was updating the model for an activ-
ity-based industrial site visit (Kuitunen & Meisalo, 1988) to fit with the mate-
rials science context, and to include motivation- and interest-supporting fea-
tures, based on relevant research based knowledge. The research-based fea-
tures are conjectures that are embodied in the design (Sandoval, 2004). The 
process of embodiment specifies how high-level theoretical conjectures ap-
pear concretely in the design (Sandoval, 2013). In this research, conjectures 
about motivation, interest, and science content learning were embodied in the 
procedure of the site visit teaching sequence and materials related to it. Re-
search of these embodied conjectures then uncovers aspects related to the 
effectiveness of the designed intervention that help improve it (Sandoval, 
2004). Besides the requirement of being derived from theory, a key feature of 
embodied conjectures is that they may lead not only to the improvement of a 
particular design solution but also can potentially lead to theory refinements 
(Sandoval, 2004, p. 215), and, in this particular case, they may generate new 
knowledge concerning the relationship between motivation, interest, and 
science studying. In other words, DBR strives to to make the theoretical as-
sumptions explicit testable. Designing educational interventions is not simply 
conceiving projects and seeing if they work, but it is a theoretical activity 
(Sandoval, 2004). In this study, the conjectures embodied in the design 
emerge mainly from the self-determination theory of motivation (e.g. Ryan & 
Deci, 2002) and the POI theory of interest (e.g. Krapp, 2002).  
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The original Kuitunen-Meisalo model emphasised student activity, in 
contrast to traditional sightseeing-tour visits. The model was introduced in 
the Eighties but it was not widely employed. Because study visits are rec-
ommended in the National Core Curriculum, visits are organised at schools 
even without this teaching sequence. However, there are distinctions between 
this teaching sequence and ordinary study visits. The designed teaching se-
quence is a structured whole that encompasses preparation, the visit itself, 
and elaboration afterwards. The philosophy of IBST actualises in the students’ 
role, as they actively plan the data gathering, collect the data, and process it 
afterwards. The integrative approach between science and language arts gives 
a special characteristic to this project. Additionally, the conceptualisation of 
the means that may help to enhance students’ motivation distinguishes this 
project from other visit techniques. Besides its materials science content and 
the motivation- and interest-promoting features, the use of ICT in the acquisi-
tion of information and inquiry orientation are different from what was intro-
duced in the original version of the model. When designing the prototype for 
this project, experiences gathered during several science teachers’ profes-
sional development projects (Juuti, Lavonen, Aksela, & Meisalo, 2009; La-
vonen, Juuti, Aksela & Meisalo, 2006; Lavonen, Jauhiainen, Koponen, & 
Kurki-Suonio, 2004) were used as resources. Furthermore, the principles of 
pragmatism-based DBR as described in Juuti & Lavonen (in press) were 
employed, and the designing of the teaching sequence was conducted in col-
laboration with teachers. Their views, beliefs, and habits were seriously taken 
into account. In practice, reflective discussions with teachers while develop-
ing the teaching sequence were emphasised. The core challenge when design-
ing the teaching sequence was implementing the aim of designing a teaching 
sequence that could be used at any school in Finland or even elsewhere in 
Europe, despite differences in school location or the number of students in 
the class. An outline of the pilot version is presented below in Table 5. The 
structure of the prototype is based on the Kuitunen and Meisalo (1988) model.  
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Table 5. Structure of the pilot site visit sequence. 
 
Phase Activity Theoretical rationale 
1. Advance 
planning by 
teachers 
General level planning by 
science teacher and career 
counsellor. 
 
2. Prepara-
tory visit 
by the 
teacher 
Teacher plans the visit with 
the company contact person. 
 
3. Students’ 
preparation 
Co-planning the visit. 
Formulating study groups, 
learning about the company 
by using web resources, for-
mulating questions and send-
ing them to the company. ICT 
is used in this phase. 
Co-planning supports stu-
dent autonomy. 
Collaborative and student-
centred activities support 
student autonomy, compe-
tence, and relatedness. 
 
4. The site 
visit 
Introduction and sightseeing. Collaborative and student-
centred activities support 
student autonomy, compe-
tence, and relatedness. 
 
5. Student 
group re-
ports 
Students prepare and present 
the reports. ICT is used in 
this phase. 
Collaborative and student-
centred activities support 
student autonomy, compe-
tence, and relatedness. 
6. Feed-
back with 
site repre-
sentatives, 
evaluation 
of the re-
ports 
 Evaluation and informal 
discussions help students 
recognise their strengths 
and increase their feelings 
of competence. 
7. Collect-
ing ideas 
for future 
visits 
  
 
It was concluded, on the grounds of the reviewed literature, that students’ 
motivation and interest may be promoted through selecting activities that 
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support their feelings of competency, social relatedness, autonomy, and inter-
est in science-related topics. Firstly, activities that are intended to support 
students’ feeling of autonomy encompass student-centred methods; students 
are offered choice and actively participate the planning of studying activities. 
The structure for studying is offered by the teacher. The intended outcome of 
studying is an article with appropriate scientific content related to a particular 
branch of industry, and within this structure, students have plenty of deci-
sions to make including the focus, preparation, data collection, working order, 
and the appearance of the output. Even responsibility for the organizational 
tasks related to the visit may be allocated to the students at appropriate levels. 
Additionally, inquiry tasks enable students to act autonomously. Structure is 
an important aspect here, because without sufficient structure, students may 
be adrift with such an open-ended and multifaceted sequence. Structure 
makes the learning environment predictable and helps students to regulate 
their academic behaviours more efficiently. However, guiding should be 
done in an autonomy- supporting way, or structure may be experienced as 
controlling (Guay, Ratelle, & Chanal, 2008).  
Secondly, support for students’ feeling of social relatedness was included 
in the design through the selection of collaborative learning activities and co-
planning, which help students to feel close to their peers and to help them 
develop trust in each other. Students’ feelings of social relatedness is also 
supported through informal discussions between the teacher and the students. 
Almost all activities within the teaching sequence are conducted in collabora-
tive groups in which there are tasks for all group members. Students may 
organise the division of labour in the groups themselves. It is up to the indi-
vidual teacher’s knowledge about the dynamics of a certain class whether 
students are allowed to conduct the division into groups themselves or 
whether the teacher assists with that task. Working actively with an interest-
ing topic may facilitate students getting to know each other better and even 
make friends.  
Thirdly, support for students’ feeling of competence was included in the 
design through the selection of constructive evaluation methods, like self- 
and group-evaluation, which help students recognise their skills , through 
support for the feeling that an activity has some value or use for the student, 
through help alongside the process of gathering data and elaborating it in the 
article writing task, and in the evaluation discussions. To support students’ 
feeling of the value of their activities, it is highly recommended, for example, 
that students’ articles are published in some fashion. The activities at the 
industry site are organised in a way that enables equal discussions between 
the students and the experts at the site. The students are responsible for their 
own questions, and the teacher does not guide the discussions. Throughout 
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the entire sequence, the teacher’s formative feedback should guide and redi-
rect students’ activities.  
Finally, interest research suggests a means of sparking students’ situ-
ational interest, namely the novelty and complexity of a certain phenomenon 
(Silvia, 2008). Students’ interest is supported by offering them novel experi-
ences and multifaceted and even surprising phenomena to observe in an 
authentic context. Feeling-related valence of interest is supported through 
selecting appealing activities, e.g., inquiry tasks and ICT activities. Addition-
ally, the value-related valence of interest is supported by introducing students 
to career possibilities in the field of science and technology and aspects re-
lated to technology and human society. 
The intended learning outcomes of the sequence which were developed 
and revised during collaborative discussions, and which follow the National 
Core Curriculum (NCCBE, 2004), are that the students will in detail:  
 
1. Understand the basics of science concepts, principles, and systems in 
the contexts of materials and their properties (appropriate to grade 
level): 
· Students can identify basic materials and know the terminology 
used in describing them; 
· Students understand the meaning of the basic materials science 
concepts and principles; a material has certain physical and 
chemical properties and materials are distinguished from each 
other based on their properties; materials are used for production 
of artefacts and materials are selected for the artefacts based on 
their properties; 
· Students understand basic microscopic models, which describe 
structure of matter, properties, and behaviour of matter, especially 
in the case of metals, paper, and plastics; 
· Students understand the ways of representing materials on differ-
ent levels: macroscopic, microscopic, and sub-microscopic levels 
as well as on the symbolic level, and can relate to and shift from 
one level to another; 
· Students can explain basic systems or processes used for produc-
tion of materials and artefacts. 
 
2. Use basic science process skills appropriate to the context of materials 
science and grade level: 
· Students make observations, measurements, and experiments; 
· Students develop and use categories to classify observations as 
well as analyse and interpret data; 
60? Anni Loukomies?
· Students use reference sources to obtain information (Internet, 
textbook, handbooks, etc.); 
· Students make estimations and predictions based on observations 
and current knowledge. 
 
3. Use integrated science process skills appropriate to grade level: 
· Students identify variables and describe relationships between 
them; 
· Students formulate questions and predictions based on existing 
knowledge and basic models and set aims to the inquiry tasks; 
· Students collect and record data;  
· Students analyse data and draw warranted inferences or explana-
tions grounded on the basic models; 
· Students draw concept maps. 
 
4. Increase motivation and interests: 
· Students maintain a sense of curiosity about natural phenomena; 
· Students maintain interest toward science studies and careers in 
science; 
· Students voluntarily read websites, books, and articles about ma-
terial science;. 
 
5. Demonstrate awareness of the social, history, and social aspects of 
materials science:  
· Students understand that social and cultural forces have influ-
enced the historical development of science and technology, es-
pecially from the point of view of materials, artefacts, and their 
properties; 
· Students understand how technological advances have influ-
enced the progress of science and how science has influenced 
developments in technology; 
· Students recognise the personal relevance of science and tech-
nology in daily life; 
· Students respect the contributions of science and technology to 
the quality of human life; 
· Students recognise the interdependence of science, technology, 
and society; 
· Students recognise the possibility for studies and careers in sci-
ence and technology . 
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6. Communicate effectively using science language and reasoning: 
· Students use the language and concepts of science as a means of 
thinking and communicating; 
· Students prepare written articles describing the findings of inves-
tigations and the reasoning which led to the conclusions; 
· Students report results of inquiry tasks honestly. 
 
7. Understand the nature of science and technology: 
· Students understand that science is an inquiry process used by 
humans to construct knowledge based upon observable evidence; 
· Students understand that technology is a creative discovery 
process used by humans to design usable artefacts; 
· Students distinguish between science and technology; 
· Students recognise the vital need for creative thinking and 
imagination in designing and conducting scientific inquiry and 
technological processes. 
 
The intended learning outcomes reflect the multifaceted aims of science edu-
cation in general. More precisely, in this teaching sequence there are aims 
concerning scientific content, but also aims that concern affective aspects, 
scientific literacy, understanding the nature of science, and skills related to 
scientific processes and thinking.  
The scientific content of the teaching sequence was carefully prepared in 
order to encourage teachers to adopt the sequence for their repertoire. The 
teaching sequence supports students’ learning about the nature of materials 
science and technology, as students become familiar with how new innova-
tions are refined into products in authentic environments through technologi-
cal processes. Students also familiarise themselves with the methods of mate-
rials science by learning how research and development concerning materials 
science issues is performed with modelling and simulations that use high-
technology devices. Moreover, students learn new materials science content, 
materials science terminology, physical and chemical properties, and the 
production and use of materials. They get acquainted with how the behaviour 
of materials can be explained by analysing their structures, and how micro-
scopic models describe the properties and behaviour of materials. The struc-
ture of matter is one of the most fundamental topics in science, and a mean-
ingful understanding of this topic is essential for developing a solid basis for 
further science studies; therefore, students take a close look at models that 
describe the structure, properties, and behaviour of materials. In detail, the 
significant scientific concepts and phenomena examined within the teaching 
sequence are raw material, material, substance, phase, physical properties, 
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chemical properties, particle, monomer, thermoplastic polymer, thermoset-
ting plastic, etc. The processes students become acquainted with are manu-
facturing iron from iron ore, manufacturing paper from trees and the manu-
facturing of different plastic qualities from crude oil. Finally, students learn 
about careers in material science and technology during the site visits, be-
cause they meet scientists, engineers, and other professionals found in mod-
ern materials science enterprises and laboratories. These encounters help 
them to see their career options from a new perspective.  
The inquiry activities were conducted through employing the POE strat-
egy (White & Gunstone, 1992). A POE activity includes three phases. In the 
prediction phase, Students are presented a particular setup of equipment with 
a worksheet and told them what they are expected to do. Students then make 
predictions about what will happen and add a brief explanation of why they 
think that will be the correct outcome. It is not fair to ask students to make 
predictions if they do not have any conceptual models or representations of 
the phenomena. Therefore, before the prediction phase, the phenomena 
should be discussed with the students to help them to recognise their repre-
sentations. The students should become familiar with teaching models de-
scribed in figures that outline behaviour of metals, plastics, and paper. 
Moreover, classification exercises can help students to recognise their exist-
ing models based on their experiences. The models could be introduced to 
students by a story. The students could be told that some researchers have 
suggested that these three models explain the behaviour of paper, plastics, 
and metal. Then the students are asked to investigate if the models explain 
the behaviour of materials in some inquiry activities. 
In the observation phase, the activity is carried out, the phenomena are 
observed and results of observations and measurements are noted. In the final 
phase, explanation, the students attempt to deconstruct the observed phenom-
ena and explain why things occurred in the way they did. The concept is that 
the teacher plays a minimal role in the POE, leaving students to do most of 
the discovery. Instead of acting as ‘The Leader’, the teacher can act as more 
of a master of ceremonies, letting the main attraction—the learning itself—be 
the main event. The predicted outcomes may have turned out to be correct. 
After the cycles of designing and redesigning, the teaching sequence was 
finalised. The iterative process through which the pilot version was converted 
into the final one, and the decisions that were made during the process and 
their rationale based on the analysed data are described in more detail below. 
A detailed view of the teaching sequence with concrete instructions for all its 
phases is offered in the Student Book (Lavonen et al., 2009) and the Teacher 
Guide (Loukomies & al., 2009). The Materials around Us teaching sequence 
aims to help students become familiar with everyday materials like metals, 
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plastics, and paper both in everyday contexts and in their production or 
commercial uses. The properties and behaviour of common materials, the use 
of these materials, microscopic models describing the properties and behav-
iour of materials, and moreover, usage of (raw) materials in constructing and 
in manufacturing products, are introduced to students. In Photos 1, 2, 3, and 4, 
examples of the contents of the student book and a related page of the teacher 
guide are presented. 
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Photo 1. The Student Book helps students in distinguishing concepts like raw material 
and product. 
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Photo 2. An example of a student’s POE worksheet. 
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Photo 3. Example of an answer and explanation sheet in the Teacher Guide. 
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Photo 4. Recommendations for allocation of time resources, from the Student Book. 
 
In order to facilitate the construction of a holistic view of materials, modern 
technology, and careers in related fields, different kinds of learning activities 
are used, and the topic has been approached from the perspectives of differ-
ent school subjects. In more detail, career counselling, learning activities 
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typical of science learning, and learning activities typical of language arts are 
combined in the teaching sequence, so that this approach provides a possibil-
ity for teachers of different school subjects to work together. The teaching 
sequence offers a detailed description of a possible way of implementing 
industry site visits in science teaching and identifies the aspects that demand 
careful consideration in order to conduct the site visit procedure successfully.  
The structure of the final version is presented below. Instead of the seven 
phases of the pilot version, there are three main stages in the final version: 
preparation, site visit, and follow-up activities. The major change from the 
pilot version is that all the tasks are more structured and the whole is more 
tightly organised, and the responsibilities of the participants are made explicit. 
The teacher is given more detailed information about how to proceed in cer-
tain phases. However, the structure is flexible enough to be implemented 
with a variety of companies and contexts.  
To sum up the scientific content of the teaching sequence, in the prepara-
tion phase students get acquainted with materials paper, metal and plastic, the 
properties and behaviour of these materials, and the microscopic models that 
explain the behaviour. Students deepen their understanding of the topic 
through inquiry tasks that are related to the properties of the materials. Dur-
ing the site visit, students consider the properties and behaviour of the mate-
rials from the different perspective of production. They get information about 
how specific properties of certain materials are exploited, familiarise them-
selves with the economic and environmental aspects of manufacturing prod-
ucts, and discover career options within the field. Once back at school, stu-
dents combine what they have learnt in the preparation phase and during the 
visit in a reporting task.  
 
Table 6. Structure of the final version of the site visit teaching sequence. 
 
Phase Student activity Teacher’s task 
1. Plan-
ning and 
prepara-
tion 
Classification tasks that guide students into the 
world of materials.  
Six optional inquiry tasks about the properties 
and use of materials and models that describe 
the structure of the materials (paper products, 
plastics. and metals). 
Searching for information on the Internet about 
the company and finding out about its produc-
tion processes. 
Determining the perspective of the article 
(follow-up reporting activity). Examples in-
clude:  
-Materials used in the company’s production; 
-Raw materials and their origins; 
Introducing the inquiry 
tasks and working meth-
ods. Guiding the activities 
but letting the students 
organise their working. 
Planning the organisation 
of the visit with the com-
pany contact person and 
career counsellor. 
Planning the writing task in 
collaboration with the 
language arts teacher, who 
teacher teaches the article 
as a text type and intro-
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-Different occupations and education needed for 
these occupations. 
Planning the relevant interview questions for 
gathering data for the writing task. 
Sending the questions to the company. 
Becoming familiar with the work of journalists 
and means of data gathering. 
Studying article as a text type. 
duces data-gathering 
methods.  
Helping students focus on 
the topic of the article. 
Organising ICT-based 
information searches. 
Organising the connection 
with the company. 
2. The site 
visit 
Students in a role: investigative journalist. 
Introduction to the activities of the company, 
presentation: 
-Manufacturing processes; 
-Economic aspects; 
-Environmental aspects; 
-Careers and occupations; 
Interactive sightseeing tour, students in small 
groups. 
Data collection for the articles by conducting 
short interviews; Interviewing the personnel 
members, in small groups. 
During the site visit, the students take notes 
about what they see and hear. 
Organising the practical 
aspects related to the visit. 
Guiding students during 
the visit. 
Helping with the data 
collection. 
3. Follow-
up activi-
ties 
Collaborative article writing. 
Concept mapping task for organising the new 
information. 
Evaluation discussions and evaluation question-
naires (see the Student Book). 
Feedback is sent to the contact person of the 
company. 
Guiding the writing pro-
cess, offering feedback and 
suggestions. 
Organising the article’s 
publication. 
-Collecting students’ 
opinions. 
-Sending feedback to the 
company. 
 
9.3 Data collection and analysis methods 
During this DBR project, a site visit teaching sequence was designed, and a 
pilot test, two different cycles of design, implementation and refinement, and 
a final trial were conducted. After each cycle of implementing the designed 
teaching sequence, several sets of data were collected. The data collection is 
described in detail in Chapter 8. The data were analysed within the project 
before moving to the next cycle. In addition, the data was also analysed retro-
spectively, once the entire project was completed. The conclusions, which 
emerged from the analysis of the data and evaluations of the process, guided 
decisions about redesigning elements of the process.  
For the scope of this chapter, the most significant data are those from the 
external evaluators’, students’, and teachers’ statements that refer to prob-
lematic, irrelevant, or incoherent aspects of the site visit teaching sequence 
and suggestions for amendments and improvements. The external evaluators’ 
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statements were collected into a document that was considered at the teacher-
researcher meetings, where problematic aspects were discussed one at a time, 
keeping the relevant literature in mind, until new procedures were generated. 
The memoranda of the meetings, which took place within different cycles, 
are collected in the research log.  
Data from the ESIAQ were analysed by comparing, with t-tests, the 
means of students’ answers before and after the site visit teaching sequence. 
Students were categorised on the grounds of their SDT-based motivation 
orientations by K-means cluster analyses of the AMQ, and representatives of 
each category (amotivation, controlled motivation, and autonomous motiva-
tion) were then chosen for semi-structured interviews. The clustering is de-
scribed in detail in Chapter 8.  
 
9.4 Implementations of the site visit teaching sequence 
The design process of the site visit teaching sequence started with designing 
and testing the pilot version. The pilot version was then revised and the im-
proved versions were implemented in two cycles. The implementations took 
place in authentic school contexts, and were led by science teachers and scaf-
folded by the researcher team. Teachers organised site visits according to the 
principles of the teaching sequence, with more scaffolding from the re-
searcher team in cycles 1 and 2, and more independence in the final cycle. 
Even though there were a variety of companies that the students visited, all 
visits took place in materials science contexts, and the same materials sci-
ence-related inquiry activities were employed in all implementations, and 
furthermore, compared with ordinary site visits, emphasis was on the prepa-
ration-visit-elaboration structure and instructional methods that supported 
students’ motivation and interest. In cycles 1 and 2, all refinements had not 
yet taken place yet, but the design was somehow unripe and yet to be im-
proved.  
 
9.4.1 Pilot Cycle: Okmetic Plc. 
In order to test and further design iteratively the prototype of the site visit 
teaching sequence, a pilot cycle of the design (a site visit to the materials 
science industry plant Okmetic Plc) was organised in collaboration with a 
teacher, career counsellor, and company personnel in the spring semester of 
2007. Okmetic produces silicon wafers for various technological purposes. 
9th-grade students (N=21) from a suburban comprehensive school (Northern 
Helsinki, Finland) participated in the visit. During the pilot cycle, the proto-
type of the teaching sequence was tested. In the pilot cycle, the emphasis and 
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was on awakening students’ interest in and enhancing their motivation for 
science learning. The excursion was recorded on video and feedback from the 
students was obtained by use of a very basic form of a questionnaire. Stu-
dents answered the questionnaire during their first science lesson after the 
visit. The feedback questionnaire consisted of five questions on a five-point 
Likert scale (1=‘very little’, 5=‘very much’) and one open-ended question: 
‘What were you most interested in during the site visit?’. Means and standard 
deviations of the Likert questionnaire responses are presented in Table 7. 
Seven categories were inductively formulated from the students’ answers to 
the open question; those categories are presented in Table 8.  
 
Table 7. Students’ evaluations of the site visit. 
 
 Mean S.D. 
I learnt science during the visit 
 (Very little ...Very much) 
2.84 0.96 
I learnt about working life and occupations 
 (Very little ...Very much) 
3.32 0.89 
I learnt how science is applied in practice 
 (Very little ...Very much) 
3.47 1.17 
I’d like to have more site visits 
 (Very little ...Very much) 
4.16 1.12 
The site visit was  
 (Very uninteresting ...Very interesting) 
2.74 1.10 
 
Table 8. Students’ responses to the open question ‘What were you most interested in 
during the visit?’. Examples of students’ answers re printed in italics. 
 
Applications of science 
-to see how silicon crystals are grown 
-to see where science is used in practice 
The observed manufacturing processes 
-to see how silicon wafers are made 
-to see the machine tools 
-to see the chemical storage 
The use of products of the industry 
-to learn where silicon wafers are used 
Meeting experts at work 
-to meet the professionals 
The environmental aspects 
-to learn how unthinking and egocentric we are 
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Coffee break 
-food and coffee 
-the coffee break was an extraordinary experience 
General positive aspects 
-we learnt so much 
-nice to learn something new 
 
Overall, students felt positively about the site visit. In their opinion, they 
learnt most about the applications of science, not so much pure science. Some 
aspects arose from the experiences of the pilot cycle that guided the design 
refinement. Firstly, it was clear that specific aims for the visit were needed. 
Students’ existing skills and knowledge should be communicated to the key 
company personnel, in order to help them organise the most suitable visit 
experience. Students’ planning and reporting tasks should be done with more 
care. The discussion also included the idea that some materials for advising 
teachers in organising site visits should be produced.  
 
9.4.2 First Cycle: Vaisala Plc. 
In the first cycle of the design process, 8th-grade students (N=14) from a 
suburban comprehensive school (Eastern Helsinki, Finland) visited the com-
pany Vaisala Plc, that has a reputation as a global leaders in environmental 
and industrial measurement, providing observation and measurement prod-
ucts and services for meteorology, weather-critical operations, and controlled 
environments.  
The design process started with a planning meeting which the researcher 
team, the science teacher, and the career counsellor attended. It seemed that 
in the pilot cycle, students had had difficulties in finding the connection be-
tween their science studies and the visit (Argument ‘I learnt science during 
the visit’, Mean 2.84, S.D. 0.96), and as an outcome of the reflective discus-
sions about the experiences of the visit, it was decided to include materials 
science-related contents in the preparing phase. Students conducted experi-
mental tasks related to the physical and chemical properties of materials. One 
example was covering coins with another metal, in which a ‘copper’ coin was 
plated with zinc in a solution of sodium zincate and then appeared silver in 
colour. Then the plated coin was held in a flame for a few seconds and the 
zinc and copper formed an alloy of brass, which gave the coin a golden col-
our. The task instruction was structured by the teacher.  
The intention was to familiarise the students with the professions and 
products of Vaisala Plc in order to enable them to see science, technology, 
and different materials applied in an authentic context. The students prepared 
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themselves by examining the company’s website and by drawing up inter-
view questions. In order to enhance students’ responsibility for their own 
learning they were told that their output was to be a report about a certain 
aspect of the visit, written in pairs or small groups.  
During the visit, students were shown a presentation and an exhibition 
about the company and its products, and how different materials were used in 
making them. At the end of the visit students released a radiosonde in the 
yard and followed it on a computer screen. During the visit, the students took 
notes about what they saw and heard. They also interviewed people who had 
relevant information for their reports. After the visit, the students completed 
their texts and the teacher compiled them into a booklet. There were no spe-
cific requirements for the style and structure of the reports. 
 
 
 
Photo 5. Students sending a weather balloon aloft with the assistance of the company 
personnel in the yard of the company Vaisala Plc.  
 
Compared to the pilot cycle, different occupations in the field of science and 
technology, especially in materials science, were emphasised in more detail. 
The scientific content of the site visit sequence was also strengthened.  
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9.4.3 Second Cycle: Metso Automation Plc. 
In the second cycle of the design process, 9th-grade students (N=15) from a 
suburban comprehensive school (Eastern Helsinki, Finland) visited the com-
pany Metso Automation Plc. Metso is a global supplier of technology and 
services for the mining, construction, power generation, oil and gas, recycling, 
and pulp and paper industries. The second cycle of designing and testing the 
site visit teaching sequence started with a planning meeting that the re-
searcher team, science teacher, language arts teacher, and career counsellor 
attended. The structure of the teaching sequence was revised from the seven-
phase model of the pilot cycle to a three-phase model that consisted of prepa-
ration, visit and follow-up activities. This way the structure was clearer. A 
combination of materials science contents was included in the preparation 
phase of the second cycle, in the form of inquiry activities. Plastic, paper, and 
metal were chosen as the materials for students to examine.  
It was determined that this time the students’ output would be an article 
related to the visit. Special emphasis was to be put on the writing process and 
studying articles as a type of text. This aim generated a natural means of 
integrating the science and language curricula. Before the visit, the students 
familiarised themselves with the company’s website, decided on the view-
point of their articles, drew up questions they would ask employees, and 
conducted inquiry tasks related to paper, plastic, and metal.  
The aim of the visit was to familiarise the students with science- and 
technology-related professions and show them how the materials they had 
examined within the inquiry activities were applied in an industrial context. 
With the help of the language arts teacher, the students wrote articles collabo-
ratively about certain aspects of the visit. Unlike the previous cycle, the in-
structions for the article task were planned in collaboration with the Finnish 
teacher, who also took responsibility for introducing the students to articles 
as a text type and allocated language lessons to guide the students’ writing 
processes. The students’ questions were also prepared with the writing task in 
mind. In brief, the post-visit writing task was far more organised and featured 
more direct instruction than the previous cycle.  
During the visit, the students were shown a presentation about the com-
pany and its products, and how different materials were used in the products. 
The students made notes about what they saw and heard. They also inter-
viewed people who were experts on the topics of their articles. The teacher 
guide and the student book Materials around Us were prepared based on the 
experiences gathered over two cycles.  
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Photos 6 and 7. Students in a role of a journalist in the company Metso Automation 
Plc., asking questions of experts whose field of expertise is relevant from the point of 
view of the topic students had chosen for their articles. 
 
In this cycle, the motivational aims were explicated in terms of instructional 
decisions. Additionally, the connection between the scientific content of the 
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visit was clarified and better connected to what is studied at school. The 
whole teaching sequence was revised to be more consistent and motivation 
supporting.  
 
9.4.4 Final Trial 
After finalising the student and teacher materials, the package was introduced 
to six lower-secondary school science teachers from the environs of Helsinki, 
Finland. The teachers participated in a two-day professional development 
course, in which they were introduced to different approaches to everyday 
materials and given ideas for how these materials could be taught to the stu-
dents. There were a total of 110 students in the participating teachers’ classes. 
Teachers familiarised themselves with the site visit teaching sequence, and 
researchers and teachers then came to a shared understanding of its essential 
aspects, especially the means of enhancing motivation and interest, inquiry-
based science teaching, and organising industry site visits. The teachers tried 
the inquiry tasks included in the procedure themselves, and they had time to 
plan their own site visits. In addition, the teachers and researchers collabora-
tively planned implementations of the teaching sequence for each teacher, 
because the teachers were scheduled to visit different companies. The meet-
ings were collaborative and emphasised dialogue between researchers and 
teachers. After the course, the teachers organised site visits and related activi-
ties independently, without strict guidance from the researcher team. A re-
flective meeting was organised six weeks after the course. At this meeting, 
teachers were interviewed about their experiences of using a site visit teach-
ing sequence as a way of teaching science. The interview was a structured 
reflective group discussion around the same themes as the student interviews. 
Because the researchers did not attend the site visits, the group interview was 
a vital means of gathering information about the final cycle implementations. 
The main aim of the final trial was to launch the design and see its potential 
in a real-world context.  
 
9.5 Results 
In this section, the results of the data analysis are discussed insofar as they 
offer information about applying the motivation and interest research and 
have had an influence on design decisions. The results concerning individual 
students’ learning, motivation, and interest are discussed elsewhere. Section 
8.5.5 discussed in detail how the results influenced and redirected the design 
process.  
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9.5.1 Results of teacher interviews 
In this section the results of the teachers’ interviews from cycles 1 and 2 and 
the final trial are considered with an eye to examining what motivational 
aspects of the teaching sequence arose from the interviews. The direct quota-
tions of the teachers’ utterances have been chosen because they best convey 
the teachers’ experiences. The following aspects most commonly emerged 
from the teachers’ interviews: Firstly teachers found that the students’ feel-
ings of autonomy were supported in the preparing phase (inventing questions 
and getting familiar with the company’s web site), when organizing the 
groups, and in the phase during which inquiry tasks were conducted. The 
students engaged in the inquiry tasks and worked intensively, they worked 
autonomously with ease, and the teachers felt that was due to the feelings of 
autonomy and freedom that engaged the students in the task. As some inter-
viewed teachers put it: 
 ...the inquiry tasks were done more independently, and that might have been the 
reason why they liked them...; ...it was just that they weren’t too guided and stu-
dents got to proceed independently...; and ...it might have been that in the visit the 
questioning occasion was a full autonomy 
 
In some cases the teacher organised the groups and the tasks to make there 
was something to do for all the group members in all the groups. In other 
cases the teacher let the students determine the groups and the work schedule:  
…they mainly got to decide themselves about what kind of groups they were about 
to proceed…  
 
All the interviewed teachers supported their students’ feelings of social relat-
edness by encouraging them to work in groups: 
...then in the writing phase they benefitted from each other..., ...they did the tasks 
in small groups independently... 
 
Teachers also found there were aspects in the procedure that supported stu-
dents’ feelings of competence. The inquiry tasks were at an appropriate level 
for the students, which promoted those feelings: 
...they were nicer than usual inquiry tasks as they were given independence and 
the tasks weren’t too difficult...; ... it was very well at students’ level and they got 
interested… 
 
The fact that the students’ articles were to be published made the students 
think they needed to complete them with care. The teachers emphasised the 
significance of preparing the students well. Students’ pre-existing knowledge 
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and their opportunity to discuss with adults working at the site appeared to 
support their motivation and interest in the site visit: 
…they also liked doing the pre-work and then when there was the mother-tongue 
and literature teacher involved brought something like how important it was that 
when the report was about to be written it had to be done properly when the 
mother tongue and literature teacher also read it...; ...it was valuable for them 
that they were treated [on the site] like real people...  
 
The interviewed teachers mentioned aspects that concerned both the feelings 
and values of the students. They noted that it was important that the represen-
tatives of the company spoke about issues and phenomena that caught the 
students’ interest. The students were particularly attentive when the employ-
ees of the companies spoke about their own jobs and what they involved. The 
site visit also gave the students a perspective about what technology-related 
occupations are like and what career possibilities there are in this field. The 
possibility to have refreshments enhanced positive feelings towards the visit. 
Teachers noted:  
...the most important thing influencing enjoyment was the refreshments but I think 
the most important was that it is not the career counsellor or me who is speaking 
about the issues and professions but someone that really does the work...; …that 
they got to send the weather balloons themselves and then really saw what the 
function of the balloon was and what kind of preparation was needed, it was 
really interesting, and the students’ enthusiasm was the most important thing I 
remember...; ...the person who was speaking to the students was very interesting, 
and he had had the ability to speak so that he took the students’ worlds into ac-
count...; ..a student of this age gets interested if he gets where things really hap-
pen... 
 
Even those students who were somewhat predisposed to dislike the exercise 
seemed to have enjoyed the visit. The students liked the environment, meet-
ing people who worked in the field, hands-on tasks, and the interesting exhi-
bitions they saw. The teachers interviewed also note some aspects regarding 
the practical arrangements of the visit. They found the site visit teaching 
sequence a natural way for interdisciplinary collaboration with their col-
leagues, from which all participants could benefit in their own ways. On the 
other hand, they considered the teaching sequence quite time-consuming; 
they experienced difficulties including it in their schedules and organising the 
practical issues with their colleagues. These issues may prevent teachers from 
organising other similar projects. In the first cycle, the teacher involved felt 
that she had to do the quite challenging organising entirely on her own. 
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9.5.2 Results of the ESIAQ 
The results of the ESIAQ from cycles 1 and 2 are presented in Table 9. The 
questions are categorised into subscales based on SDT. Mean values (M1 and 
M2), and standard deviations (S.D1 and S.D2) before and after the imple-
mentation are presented for each category. The construction of the sum vari-
ables is explained in Chapter 8.1. In the far right column of the table is the 
result for the t-test that shows no statistically significant difference in any of 
the categories. The reasons for this are considered in the Discussion. 
 
Table 9. Means, standard deviations, and t-values for motivation subscales based on 
students’ evaluations in first and second cycles. 
 
 Science activities in general 
Activities of the 
designed sequence  Design 
cycle 
Motivational features of 
science activities in general 
and designed sequence 
activities N M1 SD1 M2 SD2 M2-M1 t* 
Perceived autonomy/choice1 12 4.20 0.66 4.12 1.00 -0.08 -0.389 
Perceived competence2 12 4.42 0.90 4.90 0.79 0.48 2.386 
Support for relatedness3 12 4.89 1.39 4.85 1.02 -0.04 -0.264 
Interest/enjoyment4 12 4.07 1.14 4.20 1.30 0.13 0.438 
1st 
Interest/value or usefulness5 12 4.77 1.32 4.74 1.54 -0.03 -0.153 
Perceived autonomy/choice1 15 4.94 1.37 4.30 1.20 -0.64 -1.897 
Perceived competence2 15 4.76 1.46 4.42 0.74 -0.34 -1.369 
Support for relatedness3 15 4.54 0.81 4.20 0.58 -0.34 -1.485 
Interest/enjoyment4 15 4.73 1.29 4.40 0.73 -0.33 -2.186 
2nd 
Interest/value or usefulness5 15 5.32 1.71 4.63 1.55 -0.69 -1.288 
*)* p<0.05, ** p<0.01, ***p<0.001 
Examples of activities in each subscale: 
1I do the activity because I want to do it. 
2I think I am pretty good at the activity. 
3I feel close to my peers during the activity. 
4I enjoy the activity very much. 
5I thinks doing the activity could help me to learn science. 
 
9.5.3 Results of student interviews 
The self-determination theory of motivation categorises different motivation 
orientations. This categorisation was applied by employing the AMQ ques-
tionnaire and a cluster analysis of it, and grouped the students into three mo-
tivational categories based on the questionnaire data. Representatives from all 
the motivation orientation categories were interviewed. The interviews were 
analysed one cycle at a time. The aspects of the design that met the students’ 
needs and that arose from the students’ interviews in both cycles are expli-
cated in Table 10. They were considered remarkable when refining the teach-
ing sequence, and therefore they were emphasised in the final version. 
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Table 10. Motivational aspects that arose from the students’ interviews in both cycles. 
 
Amotivated students Students with con-
trolled motivation 
Students with autono-
mous motivation 
-Significance of group 
work 
-Significance of an 
authentic context 
-Real-life applications 
of science 
-Breaking everyday 
routines 
-An alternative way of 
studying 
-Company of class-
mates 
-Interesting content 
and context 
-Learning during the 
visit 
-Possibilities to choose 
-Meeting people be-
hind science careers 
-Group work, common 
aims 
  
 
The significance of working in groups and meeting the authentic context and 
real-life applications of science arose from the answers of the amotivated 
students. One student said: 
 ...well because when all the people have like different opinions about issues of 
what they prefer, and then when you combine them then it will be one big surprise 
box or such a thing from which you get all kinds of bursts of motivation and so 
on …; ...especially that of course there are like friends and familiar people, so 
that made it easier, but also that when you study it kind of felt more effective be-
cause you had a good group so you also shared the aims and so on... 
 
Students with controlled motivation noted among other things the possibility 
of breaking everyday routines, the significance of the company of their 
classmates, and a stimulating new context for studying. Finally, students with 
autonomous motivation mentioned the possibilities to learn new things dur-
ing the visit, meeting real people working in the field of science and technol-
ogy, and the possibilities to choose a group and work within it. One student 
described this experience as follows: 
...well in principle when you had the kind of feeling that the tasks weren’t just put 
in front of you and you just have to do them, but that you had the possibility to in-
fluence what you are about to do so that... 
 
In general, students, regardless of their motivation orientation, emphasised 
the significance of collaborating with peers and the authentic context, as the 
following two examples illustrate:  
...well mm when you got there so I did realise that yes like this is quite nice 
probably to study if there are this kind of issues related to it…, …before this [the 
visit]…for me it was important only to have paper in the store so that I could 
draw and so on but then when you start to think about the fact that there are so 
many phases when they do things, so of course it is interesting how they manage 
and how it is done, what are the processes … 
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9.5.4 External evaluators comments 
In the first cycle, external evaluators, professors in the field of science educa-
tion employed by the project, wrote a report about their reflections on the site 
visit. They criticised the missing link between the classroom chemistry les-
sons and especially the concepts taught in them and the site visit. The exter-
nal experts argued that the site visit was a detached factor appealing only to 
the affective domain of students’ interest towards science, and not connected 
with the actual study of science. They were also critical of the teacher being 
left alone, without support from the researcher team.  
 
9.5.5 Re-design decisions  
In this section, the design process is reflected upon, one cycle at a time. Prob-
lematic aspects that emerged from the reflective teacher-researcher discus-
sions, student and teacher interviews and external experts’ comments are 
explicated. There is a table at the end of the description for each cycle, sum-
ming up the major problematic aspects and decisions about changing the 
weaknesses and inconsistencies in the procedure.  
After the pilot cycle, the students felt very positive about the site visit in 
general and were willing to take part in other similar visits. They reported 
that they had learnt about how science can be applied in a real-life setting, 
and what kinds of occupations and careers there are in the field of science 
and technology. However, they did not learn as much about pure physics and 
chemistry during the visit, in their own opinions, so making the connection 
between the visit and the curricular aims more visible was an issue to be 
corrected. It was decided in the teacher-researcher meeting that some materi-
als science-related inquiry tasks should be added to the preparation phase, 
which would help the students see the science content during the visit and 
encounter materials and their properties in a variety of contexts. Furthermore, 
company personnel should be properly informed about the degree of students’ 
existing knowledge in order to be able to speak at an appropriate level for the 
students. The students were not very interested in the reporting task in the 
pilot cycle. It was determined that clear instructions should be given for writ-
ing the reports and that students’ reports would be published on the school’s 
website, that they would evolve from being reports to being articles. 
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Table 11. Problematic aspects and decisions associated with changes in the pilot cycle. 
 
Pilot 
Cycle 
Problematic 
aspects 
Data source Decision about 
Change 
-Lack of sci-
ence content 
 
-Students’ evalu-
ation sheets 
-Examining pre-
existing knowledge 
-Inquiry tasks to intro-
duce the content to 
students 
-Lack of moti-
vation in the 
reporting task 
 
-Students’ evalu-
ation sheets 
-Structured reporting, 
the publishing of re-
ports 
 
 
2007 
-Overly-
complicated 
science content 
in the visit 
-Students’ evalu-
ation sheets 
-Clarifying discussions 
with the contact per-
son of the company 
 
In the first cycle, the students were interested in studying in an authentic 
context. In the interviews they mentioned having been excited about the ap-
pealing role models, seeing how physics and chemistry were applied and the 
equipment they saw during the visit. The students also enjoyed working in 
groups. However, despite inquiry activities being conducted beforehand, the 
external evaluators were critical about there being too few links between the 
visit and studying science in the classroom. Moreover, in the teacher’s opin-
ion, the co-operation between her and the researchers was incoherent, and the 
teacher did not get all the support she needed.  
After this evaluation, the problem of connecting the visit to the curricu-
lum was once again taken under consideration. More science content materi-
als were included in the procedure, in the form of inquiry activities that also 
support the students’ feelings of autonomy and peer collaboration. Students’ 
autonomy was supported by generating such task instructions that the stu-
dents could follow without direct guidance from the teacher. The students 
were given the opportunity to choose between various options, for example 
allocating the tasks to groups. Students’ collaboration and social relatedness 
were supported by letting them work in groups. All group members were 
needed in order to succeed with the experiment, and the students were en-
couraged to reach the explanations for the experiments in collaborative dis-
cussions. The researchers and the teacher who participated in the second 
cycle designed the inquiry instructions collaboratively.  
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Teacher-researcher collaboration and the expertise of a language arts 
teacher were employed when designing instructions for the reporting phase. 
It was decided that students should work as investigative journalists during 
the visit, so they could decide autonomously on the scope of their article 
according to their own interests and collect authentic data from an actual 
environment to be processed further into an article. The language arts teacher 
helped to generate structured and process-oriented instructions for the article-
writing task. In the instruction, the emphasis was on the process of gathering 
and elaborating on the data collaboratively, and then on refining the articles. 
The role of the career counsellor was emphasised in the teacher-researcher 
meetings. It was determined that more time should be allocated for the stu-
dents’ web-based preparation phase within the career counselling lessons, in 
order to help students form some sense of the company before the visit. The 
students prepared questions for the company’s personnel, and these were sent 
to the company before the visit, which also helped the company’s personnel 
to respond to the students’ particular interests.  
 
Table 12. Problematic aspects and decisions about changes in the first cycle. 
 
First 
Cycle 
2008 
Problematic as-
pects 
Data source Decision about 
Change 
-Teacher felt she 
was left alone 
-Teacher’s 
interview 
-More collaboration 
between the teacher 
and the researchers 
-Missing link 
between visit and 
classroom study-
ing 
 
-External ex-
perts’ observa-
tions 
-Formulating struc-
tured inquiry tasks 
-preparing work-
sheets for the inquiry 
tasks 
-Stereotypical 
view of industry 
professions before 
the visit 
 
 
-Students’ inter-
views 
-Emphasis on the 
role of career coun-
sellor in preparing 
students to figure out 
about careers in 
science and technol-
ogy companies 
 
 
 
-Unclear instruc-
tions for the re-
porting task 
 
-Teacher’s re-
flections 
-Structuring the writ-
ing task, defining the 
aims and instruction 
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The second cycle was already a reasonably well-functioning entity. However, 
though the researcher team supported the teachers in all the phases, there 
were still some issues with the inquiry work sheets. They guided the teacher 
to emphasise the correct answers rather than emphasising the inquiry process 
itself. The inquiry sheets were modified to support the phases of the process 
and new instructional pictures drawn by a graphic artist were added. The 
language arts teacher wrote explicit instructions for article writing and guide-
lines for evaluating students’ articles. These documents were included in the 
Teacher Guide.  
 
In the final version, there are five different inquiry tasks in the procedure: 
· In the dropping test, students drop marble balls on sheets of different 
materials and examine the point of impact; 
· In the electrical conductivity test, students construct electric circuits and 
use objects made from different materials as components of the circuit, 
and then examine conductivity with a light bulb; 
· In the ripping test, students rip sheets of different materials and examine 
the appearance of the traces made;  
· In the heat conductivity test, students stand sticks of different materials 
in a container containing hot water, then attach dried peas with butter to 
the sticks and observe which peas drop off first;  
· In the bending test, students bend thin sticks made of different materials 
and see what happens i.e., whether the sticks break or not and how they 
break.  
 
After revisions made in the second cycle, the concrete design solutions, stu-
dent book and teacher guide for the site visit teaching sequence Materials 
around Us, were finalised and published.  
 
Table 13. Problematic aspects and decisions about changes in the second cycle. 
 
2nd 
Cycle 
2008 
Problematic as-
pects 
Data source Decision about 
Change 
-Unclear instruc-
tions in inquiry 
tasks 
 
-Video record-
ings of students’ 
working 
-Reconstructing the 
instruction sheets, 
adding informative 
pictures 
 
 
 
 
-Indefinite report-
ing instructions in 
-Researchers’ 
reflections to-
-Explicit instructions 
for article writing 
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the draft Teacher 
Guide 
 
gether with the 
mother tongue 
teacher 
task, revised with the 
mother tongue 
teacher 
 
 
-Constructing a 
complete picture 
of the site visit 
teaching sequence 
-Researchers’ 
reflections 
-Finalising the Stu-
dent Book and the 
Teacher Guide 
 
 
9.6 Discussion  
There were two levels of aims within this research project. The first was to 
conduct a high-quality, iterative DBR project featuring an inquiry-based site 
visit teaching sequence with facets based on theories of motivation and inter-
est and offering justifications for the decisions made within the project. The 
second-level aim was to employ the designed teaching sequence to enhancing 
students’ motivation for and interest and engagement in their science studies. 
The research questions and discussion represent these two perspectives.  
The process of designing and redesigning is discussed from the perspec-
tive of the evaluation criteria of DBR introduced in Chapter 3. The focus of 
the iterative project was to design, in close collaboration with teachers, a 
materials science-related site visit teaching sequence that employed authentic 
industry site contexts and IBST principles, encompassed theory-based fea-
tures intended to enhance motivation and interest, and enable interdiscipli-
nary collaboration. The structured three-phase site visit model is a new inno-
vation that enriches traditional field visit practice, and has a significant poten-
tial to be used and applied by science teachers. This meets the requirements 
of novelty, relevance, and generalizability of the results of a DBR project 
(Edelson, 2006). Furthermore, the project criteria of reflecting problematic 
aspects in an authentic educational context and seeking solutions in an itera-
tive process were met. DBR appears to have been a suitable approach for 
developing the teaching sequence, especially because of its cyclic nature. 
Such a multifaceted structure would have been impossible to construct in one 
uninterrupted process. Many essential aspects were revealed only through 
testing the teaching sequence in an authentic school environment. 
The pilot version of the site visit teaching sequence was based on the lit-
erature related to motivation and interest, but the guidelines for the teacher 
were too implicit. Alongside the iterative design project, various sets of data 
were collected during the process in order to meet the criterion of formative 
evaluation (Edelson, 2006). Besides, the teaching sequence was discussed 
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reflectively in informal teacher-researcher meetings. As a result, it became 
more structured and multifaceted. Many aspects of the teaching sequence 
were scrutinised and better practices were developed as shared activities with 
the teachers.  
Based on the data, changes in the procedure were instituted. Some 
changes were made after informal reflective discussions between teachers 
and researchers. The connection between the site visit teaching sequence and 
the curricular content aims was a serious concern of the external evaluators. 
Kisiel (2005) shares this concern when arguing that connecting schoolwork 
and visits helps teachers to see the benefits of a visit from the point of view 
of implementing the curriculum. As a result, the connection was tightened 
with structured inquiry task sheets. The experiments can be used flexibly in 
the context of materials science. The collaboration between the teacher and 
the company contact person was also emphasised in the final version of the 
teacher guide, in order to inform the company of the content related aims of 
the students. Finally, the reporting task was restructured and the views of the 
language arts teacher were taken into account. It was revealed in the reflec-
tive discussions with the first cycle teacher that the reporting task was not 
engaging for all students. Students’ interest in inventing the questions for the 
visit was enhanced in the last cycle by telling them that the questions would 
be asked in an organised interview situation, in which they would encounter 
many experts from different fields related to the company, and the students 
would use the answers for their later writing task. The students were given 
the opportunity to choose who they wanted to interview.  
It is likely that this autonomy-supporting authentic situation, which was 
not directly controlled by the teacher and an atmosphere in which the stu-
dents were treated as adults encouraged them to invest in the task. This is in 
line with the IBST criteria suggested by Minner et al. (2010), as they argue 
that student responsibility is an essential feature of inquiry instruction. 
Autonomous regulation of behaviour, in turn, is related to better quality 
learning outcomes (Deci & Ryan, 2008). Linking the visit with the curricu-
lum is in line with the arguments of Storksdieck (2001). He argues that a 
student preparation phase, examining the students’ prior knowledge and atti-
tudes, and a follow-up phase are essential to connect the visit successfully to 
the curriculum. The follow-up phase turned out to be a fruitful possibility for 
integrating school subjects representing different teaching cultures, in detail 
science and language, in a way that the activities benefit the aims of both of 
these subjects. Drake & Burns (2004) define this kind of integration as inter-
disciplinary integration.  
When considering the site visit teaching sequence from the point of view 
of students’ motivation and interest, the emphasis was on students’ inter-
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views, because the ESIAQ did not reveal significant differences between 
students’ evaluations of the teaching sequence and ordinary science lessons. 
Almost all the values of M1 and M2 lie between 4 and 5 (on a scale of 1 to 7), 
indicating that students rated both ordinary science teaching and the teaching 
sequence rather positively, which is an encouraging aspect from the science 
education point of view, but somewhat discouraging as the teaching sequence 
was not experienced as significantly better. It may be that due to the rela-
tively short duration of the intervention, its effect remained untrackable by 
statistical means, or that the concepts that were used in the questionnaire may 
have been imperfectly chosen, and as a result been difficult for the students to 
understand. Alternatively, possibly the second time of completing the ques-
tionnaire was not as interesting as the first time to the students and the results 
reflect merely the motivation to answer a questionnaire rather than motiva-
tion for studying science. The interviews offered more explicit information 
about the difference between ordinary science lessons and the teaching se-
quence.  
Based on the interview data, the fact that the teaching sequence appealed 
to the full range of students irrespective of their motivation orientation is a 
productive starting point for future designs of interdisciplinary learning se-
quences in out-of-school settings. All the interviewed students evaluated the 
site visit teaching sequence positively and would not rather have wanted to 
skip the site visit and study at school in the normal way. Especially remark-
able was that the amotivated students’ eyes seemed to have been opened after 
seeing the relevance of their science studies as they connected school science 
with science as applied in authentic settings. Also significant was the students’ 
appreciation of the possibilities to choose their tasks. Lavigne, Vallerand, and 
Miquelon (2007) argue that science teachers' support of student autonomy 
may have an impact on students' autonomous motivations towards science, 
and even on their pursuit of working in a science-related domain, which is 
after all the ultimate goal of such site visits.  
The site visit teaching sequence brought together out-of-school learning 
and classroom study in a manner that the two ways of learning science bene-
fitted from each other. The students saw science applied in a real-life setting; 
according to Margel et al. (2008), encountering materials and their properties 
in different contexts and within different activities is also important from the 
learning of concepts perspective. The students prepared themselves at school, 
encountered the materials science content in an authentic context, and then 
further deepened and processed their understanding of it back at school. It is 
suggested that this is a reasonable way for using limited time resources, so 
that students learn in a manner that also makes knowledge transfer possible. 
Moreover, despite the skills related to traditional school subjects, students 
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also learn interdisciplinary skills introduced by Drake and Burns (2004), such 
as thinking and research skills.  
The teaching sequence can be implemented by following the Student 
Book and the Teacher Guide, but an in-service course is recommended to 
discuss the operating mechanisms of the basic psychological needs and their 
influence on student motivation. Motivating students should not be seen as 
isolated factor of the lesson, but more as a philosophy that grounds all deci-
sions concerning activities in science lessons.  
In order to accomplish the reporting task successfully, students should be 
trained to use interviewing techniques and also about technological devices 
used for gathering data, though many students may well use their own mobile 
devices. The process-writing technique should be practised, and collaboration 
with the language arts teacher is highly recommended for this phase. When 
examining the careers in the field of science and technology, close collabora-
tion between the science teacher and the career counsellor is recommended. It 
would be best if pairs or groups consisting of the science teacher, language 
arts teacher, and career counsellor can conduct the implementation in col-
laboration.  
The inquiry activities connect the visit and the science content studied at 
school, and offer a context for students familiarising themselves with the 
properties of materials and the use of model-based reasoning. The organisa-
tion of the inquiry tasks is explicated more fully in the teacher guide. Conse-
quently, the teacher should be familiar with the essential features of the 
teaching sequence, in order to implement it effectively, as companies may 
have a strong, pre-existing idea about what a site visit should be like, and 
what the students should be doing during such a visit. Negotiating the best 
possible solution, which follows the guidelines of the teaching sequence, is 
the teacher’s responsibility; this opens interesting possibilities for teachers’ 
in-service training.  
Motivation in this research is considered in the light of SDT. Central to 
this theory is the argument that motivation may be enhanced by supporting 
the fulfilment of students’ basic psychological needs. Giving students the 
responsibilities introduced in the previous paragraphs supports their need for 
autonomy. All tasks were conducted in collaborative groups that supported 
students’ feeling of social relatedness. Feedback from the teacher and peers 
and the output (article) per se all had the potential to enhance students’ feel-
ing of competence. Finally, students’ curiosity was piqued by studying in an 
interesting and authentic context. 
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10 Promoting students’ interest in and motivation 
for science learning: The role of personal needs 
and motivation orientations 
 
Despite what is known about the reasons that enhance students’ interest to-
wards an activity, educational systems are failing to direct students’ general 
interest towards science and in motivating students to follow science-related 
careers (Osborne, 2008). A European Commission report (EU, 2004) empha-
sises that school science should better represent real science practice and 
cater more effectively to the interests of young people. Furthermore, the 
OECD (2008) recommends that students should have access to realistic in-
formation about science and technology (S&T) careers through direct con-
tacts with professionals. Tytler, Symington, and Smith (2010) share this view 
as they argue that partnerships between schools, communities, and industrial 
organisations are important for local level curriculum development if the aim 
is to have an impact on students’ interests. Based on their review of the litera-
ture concerning supports and barriers to science, technology, engineering and 
mathematics (STEM) engagement, Tytler, Osborne, Williams, Tytler, and 
Cripps (2008) argue that the primary focus for intervention should be at the 
primary and early secondary school levels.  
Despite the efforts of science education researchers to establish novel, 
rich, fruitful, and stimulating science teaching and learning environments, 
only a few students have typically increased their interest in science learning 
within the projects (Osborne, 2008). Based on the self-determination theory 
of motivation (SDT, Ryan & Deci, 2002), it is assumed that students differ 
from each other in relation to their motivation orientations towards a certain 
topic. That is, they do not have similar prior expectations and emotions to-
wards an activity, and therefore it is deemed more relevant to consider which 
aspects in a given teaching sequence appeal to certain students with particular 
motivation orientations rather than examining the motivation and interest 
development of a whole group. What causes the differences between students 
in their motivation and interest development is not directly within the scope 
of this study, but students’ prior learning experiences and assumptions about 
learning situations (Salonen, Lehtinen, & Olkinuora, 1998) and their former 
emotional experiences or emotions towards the activity (Jarvenoja & Jarvela, 
2005) have been considered as possible factors for the individual differences 
in motivation and interest development. Given that differences in motivation 
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orientations exist, a deeper scrutiny was conducted about which aspects of a 
certain teaching intervention appeal to different students.  
It is assumed that the maintenance of interest might occur if the students 
experienced the actual learning activities as being personally relevant or 
meaningful (Lewalter & Krapp, 2004), and if the site visit was carefully con-
nected with the activities at school before and after the visit, through phases 
of planning, visiting, evaluating, and reporting. The novelty and authenticity 
of the context provide the students with complex and even surprising phe-
nomena to observe. To ensure a digestible experience and support student 
engagement, the students prepare themselves carefully for the visit by search-
ing for information about the company in advance. This combination of com-
prehensibility and novelty should enable situational interest to emerge (Silvia, 
2008). Feelings of autonomy, social relatedness, and competence are empha-
sised by guiding the students to work as journalists, and prepare articles 
based on interviews they conduct in small groups during the site visit. 
 
10.1 Research question of the second substudy 
Students’ interest and motivation towards science learning was examined by 
designing and developing a theory-based teaching sequence enriched with 
activities that are believed to promote students’ interest in and motivation for 
science learning and science-related careers. The aim of this part of the re-
search was to understand how individual differences related to motivation 
orientations and fulfilment of basic psychological needs based on SDT oper-
ate in that promotion. The research question of this part of the research is: 
  
How did students with individual differences in their motivation orienta-
tions experience a teaching sequence enriched with motivation and inter-
est promoting features? 
 
The meaning of the concepts of interest and motivation, and the distinctions 
between various students’ motivation orientations are defined in Chapter 4. 
In this chapter, the introduced teaching sequence is considered from the per-
spective of the aspects that aim at promoting student engagement. Further-
more, the means of data collection and analysis are described, and the results 
of the data analysis are introduced. Finally, the findings about the benefits of 
the designed sequence for students’ engagement are discussed. 
In order to answer the research question, a teaching sequence for science 
education (which is presented in detail in Chapter 7) was designed. The se-
quence takes students’ basic psychological needs into account in order to 
facilitate the arousal and development of their interest in and motivation for 
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science learning, and aims at promoting scientific understanding related to 
materials science. This undertaking should potentially provide evidence for 
understanding why the same teaching technique is more beneficial for the 
development of some students’ interest and motivation but not for others.  
It was noted how this intervention affected students with qualitatively dif-
ferent prior metacognitive experiences (concerning the degree to which they 
experience science courses fulfilling their three basic psychological needs), 
and, furthermore, different motivation orientations. It is assumed that motiva-
tion orientations (namely amotivation, extrinsic-external, introjected, identi-
fied, and integrated-motivation and intrinsic motivation) generated as a result 
of the degree of fulfilment of the three psychological needs, characterise 
individuals entering the science class and their aspirations for science learn-
ing.  
 
10.2 Data collection and analysis methods 
Two separate groups of 8th- and 9th-graders (mean age 14.2 years) from 
Finland (altogether N=27) participated in the study. The groups came from 
two schools. Separate site visits were organised for the groups, because the 
groups participated in the research in different phases of the design process. 
However, the results from these two distinct cycles are considered to be 
comparable with each other, as the procedure of the site visit was similar in 
both cycles and the researchers were also present to ensure the similarity of 
the two implementations.  
The site visits were constructed in a way to facilitate the fulfilment of the 
three basic psychological needs. In order to test whether the aspects intended 
to motivate and increase interest were emphasised within the implementa-
tions, two researchers analysed the motivation- and interest-promoting char-
acteristics of the implementation from videotapes using content analysis, and 
categorised the features according to four categories: autonomy-supporting 
activities, support for students’ feeling of competency, support for students’ 
social relatedness, and support for student interest. These two researchers 
supplied a list of activities that could be directed to fulfil different psycho-
logical needs. The interrater agreement was very high, and after a discussion 
between the researchers, a consensus was reached. The designed sequence 
provides a sophisticated and rich learning environment that enables students 
to find activities that could fulfil their personal needs and therefore enhance 
their interest in science and science-related careers. 
The data collection methods used in this substudy are described in detail 
in Chapter 8. Before the implementation of the sequence, all the participants 
were tested with the ESIAQ and AMQ questionnaires. In this phase the target 
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activity was their ordinary science lessons. Immediately after the implemen-
tation, the participants were tested with ESIAQ in order to recognise the 
motivational features of the implemented sequence. On the basis of the AMQ 
questionnaire data, students with different motivation aspirations were se-
lected for an interview through K-means cluster analysis. A representative of 
each motivation aspiration group (the closest to the cluster centre) was inter-
viewed following the protocol described in Chapter 8.  
 
10.3 Results 
10.3.1 Comparison of motivational and interest-related 
characteristics of science learning activities, in general 
and in the designed teaching sequence 
For the purposes of this study, when analysing the results of the ESIAQ, the 
whole sample was analysed at once. The reason for this was the small amount 
number of students in each group. The two implementation cycles were con-
sidered similar enough, because the researchers controlled the implementa-
tion of the site visit sequence and activities before and after the visit. Fur-
thermore, as the differences between schools are small and all school curric-
ula are based on the NBCCE, ordinary science lessons can be expected to be 
alike regardless school. Sum variables for students were constructed based on 
the items for each of the five subscales of the ESIAQ for the ordinary science 
learning activities (M1) and for the designed teaching sequence (M2). The 
construction of the sum variables is explained in Chapter 8.1. The means and 
the standard deviations of the subscales are presented in Table 14. The stu-
dents as groups were generally moderately positive (means > 4.5) for both 
the ordinary science activities in general and the designed teaching sequences. 
The paired-samples t-test between the motivational features of ordinary sci-
ence learning activities and the designed teaching sequence (M2–M1) re-
vealed no significant positive differences, though more thought-provoking 
aspects were revealed in the interviews with individual students. These re-
sults are presented in the next paragraphs. 
 
 
 
 
 
 
 
Promoting students’ interest in and motivation for science learning: The role of … 93 
Table 14. Means, standard deviations and t-test results for motivation subscales based 
on students’ evaluations of motivational features of science activities in general and 
designed teaching sequence. 
 
 Science learning activi-
ties in general 
Designed teaching 
module 
Difference 
Country 
Motivational 
features of the 
science activities in 
general 
and designed 
teaching modules 
M1 SD1  M2 SD2  M2-M1 t *) 
Finland Perceived au-
tonomy/choice1 
4.61 1.15  4.22 1.10  -0.40 1.8ns 
(N=27) Perceived compe-
tence2 
4.60 1.23  4.63 .79  0.03 0.2ns 
 Support for re-
latedness3 
4.70 1.09  4.49 .86  -0.21 1.4ns 
 Interest/ 
enjoyment4 
4.44 1.25  4.31 1.00  -0.13 0.7ns 
 Interest/value or 
usefulness5 
5.08 1.55  4.68 1.52  -0.40 1.9ns 
*) ns p > 0.05. Item examples in each subscale:  
1I do the activity because I want to. 
2I think I am pretty good at the activity. 
3I feel close to my peers during the activit.  
4I enjoy the activity very much. 
5I think doing the activity could help me learn science. 
 
10.3.2 Differences in the opinions about the motivating fea-
tures of the designed teaching sequence among the 
students with different motivation orientations (SDT) 
The amotivated participants 
According to Ryan and Deci (2000), amotivation results from three reasons: 
not valuing the activity, not feeling competent to do it well, and not believing 
it will yield a desired outcome. In the interview, the amotivated participants 
perceived the sequence as being more interesting than ordinary teaching. The 
justifications indicate that the sequence met their personal needs. One of the 
amotivated students (FN_02) stressed that the designed teaching sequence 
was a valuable and interesting activity and she “learned a lot of interesting 
things”. For example, she said:  
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Before this Metso Automation (the company)…for me it was important only to 
have paper in the store so that I could draw and so on but then when you start to 
think about the fact that there are so many phases when they do things, so of 
course it is interesting how they manage and how it is done, what are the proc-
esses …  
 
A by-product of a low self-competence may be the isolation from the group 
of students who were highly motivated to do a particular activity. The se-
quence also gave the amotivated students a chance to be members of a group 
and fulfil their need for relatedness and self-competence. The same amoti-
vated student (FN_02) enjoyed working with her classmates, and she felt that 
co-operation is a very valuable thing that enriches studying. She put it thus:  
well because when all the people have like different opinions about issues of what 
they prefer, and then when you combine them then it will be one big surprise box 
or such a thing from which you get all kinds of bursts of motivation and so on ….  
 
The other interviewed amotivated student (FN_07) emphasised the support of 
her classmates for her studies, and considered the conversations valuable for 
learning. She said: 
with [name] we both figured when we explained to each other repeated after the 
trip that what remained in our memories or the teacher asked us first to think with 
the pair that what you remember and everything so then we chatted with [name] 
so we did both notice that we remembered and learnt something… and … when 
both can divide opinions and then decide together when both may have different 
issues and questions and all and then it somehow goes in an easier way and we 
fulfil each other.  
 
The authentic context was also important, as the same student (FN_07) stated:  
well mm when you got there so I did realise that yes like this is quite nice proba-
bly to study if there are like this kind of issues related to it…  
 
The amotivated students did not mention anything explicit related to their 
need for autonomy or self-determination. After the site visit sequence, the 
amotivated students had somehow developed the quality of their motivation 
showing cues of some satisfaction of competence and relatedness needs but 
still not experienced support for their need for autonomy.  
 
The externally-regulated participants 
Ryan and Deci (2000) define external regulation as the least autonomous 
form of extrinsic motivation, where behaviours are performed to satisfy ex-
ternal demands. In class settings the need for high grades is usually the exter-
nal demand that regulates student behaviours. One of the externally-regulated 
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students (FN_06) did not experience any support for his feeling of compe-
tence or autonomy, and he still assigned this to the teachers. He said:  
…well yes that I haven’t myself decided about anything that I have been told and 
then I have done it is as well if the teacher decides…  
 
Both externally-regulated students remembered significant amounts of con-
tent- and context-related details of the site visit. For example, one (FN_06) 
mentioned the authentic context setting and the employees of the company, 
probably because he found their occupations interesting:  
…well it was good when they told us quite a lot about what they actually do there 
and they explained well about their own experiences and where they came from... 
 
Another (FN_11) referred to the opportunity to participate in the activity 
during the visit, stating:  
sending the radiosondes aloft, at least we remember that because we did it our-
selves.  
 
This student also emphasised the significance of being related to the group, 
for example:  
I don’t know, it was nice to leave the school with your friends early in the morn-
ing…it [completing the tasks during the visit] was nice because after all we 
are…we are best friends...well, the trip itself because we have such a good class 
spirit.  
 
The significance of the science content was not emphasised by this inter-
viewee. It remained unclear whether it would have made any difference if the 
the trip had been for an entirely different purpose. The interviews of these 
two students do not paint a picture of especially critical students, but of stu-
dents that are satisfied if the instruction is clear, there not too many decisions 
that must be made autonomously, and there are possibilities to spend time 
with friends. 
 
The participants with identified/intrinsic regulations 
Individuals who have identified with the personal importance of certain be-
haviour or a given activity are more autonomous and self-determined com-
pared to individuals with other forms of extrinsic motivation (Ryan & Deci, 
2000). Students with identified regulation emphasised the importance and 
value of the sequence for understanding the related science disciplines and 
filling the gap between theory and reality. One student with identified regula-
tion (FN_09) stated: 
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I have somehow liked studying physics and chemistry so it has not like at least 
made worse, well somehow it increased interest … well then from another point of 
view at the company when you chatted with those people it was just the action and 
how specific everything was… 
 
Another student (FN_15) with identified regulation also found his motivation 
enhanced because of the possibility to participate in real-life work. He stated:  
Also the first impression of the company, the refreshments and the atmosphere 
that created a feeling of participating a Nokia press conference with international 
guests, it increased my interest… 
 
This student might have experienced his role in the visit a bit differently 
compared to an ordinary student’s role at school, enjoying the opportunity to 
be a part of some real-world business, and thus enhanced also his feeling of 
competence. 
Additionally, the students with identified regulation stressed the value for 
enhancement of their personal relationships and fulfilment of their need for 
relatedness. One (FN_09) said:  
especially that of course there are like friends and familiar people, so that made it 
easier, but also that when you study it kind of felt more effective because you had 
a good group so you also shared the aims and so on … 
 
This student also stressed the value of the sequence for fulfilment of their 
need for autonomy and its usefulness for enhancing their interest in science. 
He said:  
…well in principle when you had the kind of feeling that the tasks weren’t just put 
in front of you and you just have to do them, but that you had the possibility to in-
fluence what you are about to do so that… 
 
Another interviewee with identified regulation (FN_15) emphasised his need 
for autonomy in relation to his need of social relatedness. He said: 
...well it was conducted in groups and there we had the possibility to decide who 
to work with… 
 
So it was not only the relatedness but also the autonomous decision-making 
of choosing with whom to work. Even though the interviewees in this cate-
gory scored high in the subscale that identifies regulation, the score in the 
extrinsic subscale was high with one interviewee. This student (FN_15) said:  
it [motivation] changed into better direction because at first studying chemistry 
was not that important but as I visited a company in which I could easily see 
where you can get by studying chemistry, it increased the motivation.  
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This is in line with what can be seen in the subscale means of this student: 
even though he has identified with the values and aims presented by the 
teacher and in the curriculum, the influence of the external prods (for exam-
ple, the possibility to later get a highly-valued job and the high salary that 
comes with it) is obvious in the opinions of this student.  
 
10.4 Discussion 
This study has helped us to contribute to the understanding about individual 
differences in interest and motivation development in the context of science 
learning. For this purpose, a teaching sequence for science education was 
designed with the aim to enable lower secondary school students develop 
their interest in and motivation for science learning, and examined the way 
this intervention affected students with different initial motivation orienta-
tions. The designed teaching sequence incorporated activities (i.e., a visit to 
an industrial site) that may have established situational interest in science that, 
if maintained long enough, might help students to see the value of the activi-
ties and thus be transformed into genuine personal interest (Schiefele, 1991; 
Krapp, 2002). In parallel, the designed teaching sequence incorporated activi-
ties that, according to self-determination theory (Ryan & Deci, 2000), might 
fulfil students’ innate psychological needs and furthermore support the de-
velopment of the participants’ intrinsic motivation.  
 
10.4.1 The effect of designed teaching sequence on students’ 
perceived interest and motivation 
Quantitative measures with the ESIAQ showed that, despite the efforts in 
designing and implementing an innovative teaching sequence with all the 
characteristics introduced above, there were no statistically significant differ-
ences between students’ perceived autonomy and choice, competence, sup-
port for relatedness, interest and enjoyment, and interest and value or useful-
ness before and after the site visit teaching sequence. Based on the statistical 
analysis of the ESIAQ, a null hypothesis cannot be rejected. There may be 
three explanations for this.  
First, the short duration of the sequence may be the reason for not gener-
ating large enough difference in students’ motivation to track with the 
ESIAQ. Similar evidence that short-term interventions cannot generate per-
manent changes is reported in Lott’s study (2003). Laursen, Liston, Thiery, & 
Graf (2007), after reviewing several papers considering the effects of short-
term interventions, argue that despite the popularity of the short-term inter-
vention model, there is little convincing research literature about its statisti-
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cally significant effectiveness (p. 50), and that short duration interventions 
cause mainly affective outcomes, as participants usually enjoy these occa-
sions. Why did students then not perceive the expected enhancement of their 
interest and enjoyment? Finnish students have become used to this way of 
working, as it is recommended in the Finnish National Core Curriculum 
(NCCBE, 2004), and there has been a tradition for over twenty years of or-
ganizing site visits in Finland (Kuitunen & Meisalo, 1988). In any case, the 
question remains: what is a sufficiently long intervention to promote students’ 
interest and motivation?  
Secondly, one could deduce that the lack of significant improvement can 
be interpreted partly as resulting from difficulties students had, despite the 
explications, in differentiating between ordinary teaching and the sequence, 
as the sequence was supposed to have a fixed connection with the curriculum. 
However, before the students started to complete the questionnaires this was 
stressed by the researchers and it became clear to all the participants. Still, it 
is obvious that the targeting of the questionnaire was somewhat unsuccessful. 
Some stimulation, for example videos of the visit, might have been helpful 
before the second round of questionnaires. The interviews, by contrast, did 
succeed in distinguishing the site visit sequence from ordinary teaching. 
Thirdly, the results can be explained on the basis of the inappropriateness 
of the ESIAQ itself se in grasping slight differences between the designed 
teaching sequence and ordinary teaching. For instance, a ceiling effect was 
observed in most subscales. Students with high scores (5–7) on the pre-visit 
questionnaire Likert scale could not place themselves much higher after the 
implementation, and thus a noticeable difference is visible only in the an-
swers of students who had low scores in their pre-visit questionnaire (in this 
case the amotivated ones). However, as happens in most intervention studies 
(see Martin, 2008), the sample of the study was quite small and different 
motivation orientations were represented unequally. Amotivated students 
represented only a small portion of the whole sample (3/27). Alternatively, 
the initial ceiling effect might have occurred because the students were 
probably very motivated when answering the questionnaire the first time, as 
it felt special to be involved in an educational experiment. In contrast, after 
the intervention they were not so happy when they realised that the same 
procedure of filling the questionnaire was about to be conducted again. How-
ever, design-based research is also about methodological design, attempting 
to find the most suitable ways of gathering information about a certain phe-
nomenon. Therefore multiple methods are used, accepting the risk that not all 
of them may grasp the relevant information. 
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10.4.2 Students with different motivation orientations 
Beyond the methodological issues that arose from the ESIAQ, the analysis of 
the quantitative data revealed important evidence in support of motivational 
theories. Specifically, the subscale means of some representative participants 
appeared to be different from expectations. Although the amotivated students 
scored lower in both extrinsic and intrinsic motivation, being obvious repre-
sentatives of the motivation orientation, it is notable that other participants 
had high mean scores in more than one subscale of extrinsic and/or intrinsic 
motivations (see the numbers in italics in Tables 1 and 2). Therefore, the 
border between clusters of different motivation orientations was not pro-
nounced, and representatives of clusters even had characteristics of other 
types of regulations. This leads to the thorny question of whether extrinsic 
and intrinsic motivation orientations are dichotomous or continuous. Lee et al. 
(2010) argue that these two can coexist and should be dichotomised as two 
goals rather than examining them as lying on a continuum of a single motiva-
tional force, as the SDT proposes (see Ryan & Deci, 2000). Moreover, it is 
evident that differently-regulated orientations may coexist within the same 
individual, although only one is prominent. Therefore, the students were 
distinguished based on their prominent motivation orientations, understand-
ing that this categorisation is context-bound and may vary between different 
situations.  
Although hardly any statistically significant effects were found in the 
questionnaire data, some effects within the people became salient with during 
the interviews. The most important evidence from this project emerged from 
the qualitative data showing that students with different prominent motiva-
tion orientations (even with the limitation discussed above) found different 
aspects of the sequence appealing and important. These aspects are compati-
ble with the characteristics that guide the behaviour of an individual with a 
given motivation orientation across situations and domains, as assumed by 
the SDT. For example, amotivated students were initially very critical to-
wards studying science, did not feel themselves competent in this relation, 
and were very suspicious about whether studying science had any relevance 
to their lives. They did not seem to recognise the connection between science 
studies and their own future career possibilities. During the sequence, how-
ever, they found the activity in its authentic context to be valuable and very 
interesting, as they met the real people behind job descriptions, had the op-
portunity to speak with them, and saw how topics studied at school could be 
applied in a real setting. This outcome is in line with the results presented by 
Hulleman and Harackiewicz (2009), as they argue that encouraging students 
to make connections between science course material and their lives pro-
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moted both interest and performance for students with low-success expectan-
cies. Moreover, these students noted that their competence and feelings of 
social relatedness had been successfully supported. On the other hand, they 
did not refer to the aspects that intended to enhance their need for autonomy. 
In other words, amotivated students were attracted by learning activities that 
fulfilled their basic needs for competence and relatedness to some extent, but 
not their need for autonomy. This was not surprising; as Shunk, Pintrich, and 
Meece (2007) stressed, amotivated students do not ascribe intention or self-
determination to their actions. According to the SDT categorisation, amoti-
vated students after the implementation acquired a controlled orientation 
(Deci & Ryan, 2008).  
Externally-regulated students, in turn, experienced the sequence posi-
tively because it broke the everyday routine and saved them from their 
teacher’s strict supervision. Within ordinary teaching, while regulating their 
behaviour to external demands, they usually experience high levels of anxiety 
and fear of failure, emotions that threaten both their need for autonomy and 
their need for competence (Johnston & Finney, 2010, p. 293). These students 
found the supportive atmosphere of the group important and thus improved 
their competence and fulfilled their need for relatedness. Externally-regulated 
students did not experience much autonomy but on the other hand, did not 
long for it either. They also appreciated the possibility to meet real people in 
the field of science and have the opportunity to speak with them to learn what 
a career in the field of science and technology might actually involve.  
The more self-determined students’ actions were before the implementa-
tion, the more they valued the designed teaching sequence, in respect to the 
autonomy they experienced and the value of the activity per se. Students with 
internalised regulations appreciated the autonomy offered to them and con-
sidered it essential for their motivation. Moreover, contrary to the ESIAQ 
results, the interviews revealed that the sequence also enhanced students’ 
value-related component of interest for those students with more internalised 
regulations. For instance, students with identified regulation appreciated the 
possibility to see the future value of their science studies, in other words what 
possible career choices they had. These students were happy to share their 
already existing interest towards the topic, and the tasks related to it with 
their group members. Before the site visit, these students had an autonomous 
orientation and experienced satisfaction for all the three basic psychological 
needs to some degree. After the implementation, these students cited ele-
ments of the sequence that promoted their affiliation, generativity, and their 
personal development (see also Deci & Ryan, 2008).  
A rich educational environment was designed that generated situational 
interest, as expressed by students in the interviews. It has been argued that 
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subjective appraisals of novelty, complexity, and comprehensibility of an 
object or an event, may arouse students’ situational interest, and the authentic 
context (industry site) for studying was probably new for almost all the stu-
dents, and it made visible complex and even surprising phenomena (Silvia, 
2008). Moreover, the more the students had internalised the regulation of 
their actions with respect to studying science, the more interested they were 
in the topic already. They felt themselves competent and willing to learn, and 
the new things they learnt within the sequence were planted in fertile soil.  
What really awoke their situational interest is a complex thing to evaluate, 
at least retrospectively. Palmer (2009) used within-action short question-
naires in order to track the aspects in the lesson that affected students’ situ-
ational interest. In the sequence, there were aspects that may have either 
generated new situational interest or actualised a latent personal interest. 
Retrospective interviews were used in order to examine what the interesting 
aspects in the sequence were, according to the students’ own experiences. It 
is understood that by choosing this option, it cannot be absolutely clear 
whether it is the interesting features of the situation that generated situational 
interest or the existing positive dispositions of students towards certain phe-
nomena and topics that were actualised or awoken due to the intervention. 
However, even though the situational and personal aspects of students’ inter-
est cannot be precisely tracked, it is important that students found something 
in the intervention interesting. This is especially significant for the amoti-
vated ones, for whom offering something that awakens interest is critical.  
The students’ statements, however, challenge the direct effect of situ-
ational interest in the development of personal interest. What the participants 
stressed is that they found aspects in the designed teaching sequence that 
fulfilled their psychological needs. They all mentioned aspects in the se-
quence that. according to the SDT, were compatible with their motivation 
orientations. The evidence extends knowledge in such a way that the three 
basic psychological needs are linked with interest development in classroom 
settings. Individual differences in interest development revealed after a set of 
learning activities are likely partly explained by the strength of the basic 
psychological needs students may have. Although the three basic psychologi-
cal needs are supposed to be universal, the idea that these have a different 
strength and demand for satisfaction among individuals is perfectly reason-
able. Prior metacognitive experiences form the individuals’ engagement in 
similar activities and create a subjective specific motivation orientation to-
wards various activities and domains. Each motivation orientation results 
from a satisfaction at a different level of the three basic psychological needs. 
That is, each time individuals start a new activity they have a subjective esti-
mation or bias for what psychological needs could be satisfied by the activity 
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and generate different aspirations for which of their needs the activity could 
satisfy. This bias makes individuals sensitive to some activities and not to 
others. This idea leads us to formulate the ‘personal needs’ mediation hy-
pothesis; adolescents’ psychological needs mediate the way they value an 
activity, so their priority in school settings is to fulfil their current psycho-
logical needs.  
The conclusion of this substudy was based on evidence from two samples 
from different schools and teachers. Despite these contingent differences, the 
similarities revealed in the interviews further strengthens the conclusion. The 
fact that there is general agreement that the three basic psychological needs 
are considered as universal and guide the behaviour of all human beings 
should not be ignored. What SDT does not consider is that these three psy-
chological needs could vary before the individuals’ engagement with an ac-
tivity and could be responsible for creating individual differences. It can be 
claimed that some of the individual differences in the development of interest 
in a group of students who attend the same course could be explained by the 
bias they have for the degree to which it is possible for the course to fulfil 
their psychological needs.  
This conclusion suggests that a science course (or courses of other subject 
matters) should be organised not only taking into the account the students’ 
prior knowledge to construct the new knowledge. Teachers should also take 
into the account that students entering the class may have different biases for 
which psychological needs and to what degrees the course could fulfil their 
three basic psychological needs. These biases mediate their interest and they 
personally find different activities interesting to them. Brophy (2008) sug-
gests shifting from focusing on intrinsic motivation to focusing on how to 
motivate students to learn i.e., to find learning activities meaningful and 
worthwhile, even though they do not necessary feel pleasurable per se for the 
students. The conclusions of this substudy are in agreement with Brophy’s 
findings (2008), and provide more evidence for what constitutes meaningful 
and worthwhile activities for adolescents. As the emphasis on basic psycho-
logical needs of students in a class may vary, it is important to organise rich 
teaching settings to enable all students to experience teaching in a way that is 
compatible with their personal needs, so that each student could find out at 
least one reason to be actively involved in and enjoy the teaching. In other 
words, it is not sufficient to design teaching environments that provide gen-
eral situational interest—it must additionally be specified for whom they are 
interesting. As classes are constituted on the basis of age and students with 
different motivation orientations are involved, instruction should take into 
account the different motivation orientations in the class and the different 
motivational needs that different students might have.   
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The conclusions are based on a small group of students and need further 
validation. Moreover, the phenomenological metacognitive experiences of 
the students are not identical with the original reactions to the activities that 
triggered their interest. Furthermore, the emotional signals from the actual 
reactions are partly subconscious and it is difficult to have real records of 
them.  
 

Enhancing Students’ Motivation towards School Science with an Inquiry-Based Site … 105 
 
11 Promoting science understanding and 
knowledge about STEM occupations with 
industry site visits  
 
As already considered in the introduction of this research report, many stu-
dents do not find science-related occupations worth pursuing and do not see 
themselves as potentially choosing a scientific career (Lavonen & al., 2008; 
Osborne, 2008; Tytler, Osborne, Williams, Tytler, & Cripps, 2008; Wool-
nough, 1996). A possible reason for this is the negative stereotypical and one-
sided image about science-related occupations held by students (Christidou, 
2011; Scherz & Oren, 2006; Schreiner & Sjøberg, 2005). Keeping this con-
cern in mind, one aim of this research project was to familiarise students with 
occupations in the field of science, technology, engineering, and mathematics 
(STEM).  
The fact that the sequence takes place outside the walls of the classroom 
is central to the design. In the literature, there are various examples of science 
education projects conducted in out-of-school settings, such as museums, 
science centres, university laboratories, special exhibitions, workplaces and 
events, as well as tours and field trips (Braund & Reiss, 2006; Braund, Reiss, 
Tunnicliffe, & Moussouri, 2008; Falk & Storksdieck, 2005; Griffin, 2004; 
Martin, 2004). In this out-of school context, for example, students’ learning, 
interest and motivation, socialisation, and personal development have been 
researched. According to the synthesis carried out by Braund and Reiss 
(2004), access to ‘real’ science and technology can have an effect on both 
learning and interest and motivation. Even though this research was only 
about examining how to promote students’ motivation and interest, and not 
about conducting an intervention and then examining what students have 
learnt during it, it is important to show that the site visit teaching sequence 
actually promotes students’ understanding about STEM occupations and 
materials science topics. This demand is related to the aims of the design; the 
design solution has to be relevant and usable from both students’ and teachers’ 
points of view. Relevance for the student means that the design solution has 
to improve learning of science-related content and skills, whereas relevance 
for the teacher means that because time resources in science lessons are lim-
ited, no teacher wants to implement teaching sequences that do not promote 
the fulfilment of the aims of the curriculum.  
In this substudy, the potential of the site visit sequence to promote science 
understanding and knowledge about STEM occupations is evaluated through 
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evaluating the change in students’ outputs (mind maps) before and after the 
sequence, and through the analysis of students’ interviews. Learning is con-
sidered in terms of the change in students’ outputs rather than change in the 
neural connections in an individual’s brain (Kalat, 2009) and the process of 
storing and retrieving information (Eysenc & Keane, 2010; Gazzaniga, Ivry, 
& Mangun, 2009), which cannot be investigated in the present research set-
ting and methods. It is concluded that if there is significant improvement in a 
certain student’s output after the site visit sequence, this particular student 
may have adopted something during the sequence, or the organisation of the 
topic-specific knowledge structure of that student may have been revised. 
With this particular research design, other possible variables except the site 
visit teaching sequence influencing students’ learning could not have been 
controlled. As already noted, this research was not about conducting a mem-
ory retrieval experiment, but testing the potential of the design solution.  
Bransford, Brown, and Cocking (2000) and Donovan and Bransford 
(2005) consider that the learning of new concepts is deeply context-bound. It 
is more likely that a new concept becomes a part of one’s knowledge struc-
ture if it is introduced in a varied range of contexts. The contextual aspect of 
effective learning is considered in this research by offering various ap-
proaches to science content, in the contexts of both classroom and the ‘real 
world’. With careful preparation before the visit and appropriate elaboration 
afterwards, an industry site visit is an example of encountering new concepts 
and information to be learnt in multiple contexts. Furthermore, an out-of-
school context may make it easier to awaken and deepen interest in sciences, 
show how science and technology are applied outside the classroom, increase 
students’ knowledge about career possibilities within the field of industry, 
and even discuss how to integrate school disciplines (Brunton & Coll, 2005). 
Moreover, students may meet positive and diverse role models of people 
working in STEM occupations in a genuine environment, and they have the 
opportunity to engage in activities that are impossible to carry out within an 
ordinary lesson in the classroom. Based on large national survey data, Juuti, 
Lavonen, Uitto, Byman & Meisalo (2010) reported that students favour in-
creasing the number of site visits and the use of experts in teaching. Guest 
speakers and educational site visits provide a starting point that is more 
authentic than traditional learning materials for becoming acquainted with the 
applications of scientific information, e.g., in technology and medicine. Fi-
nally, the principles of inquiry-based science teaching (IBST), which guided 
the design, should operate in favour of students’ learning. Minner et al. (2010) 
conclude, after reviewing 138 studies concerning inquiry instruction, that 
even though there is no statistically significant association between the num-
ber of inquiry aspects and increased student science conceptual learning, 
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students’ active thinking and responsibility for learning are associated with 
improved content learning; active construction of knowledge is necessary for 
understanding, as they put it. 
As discussed in the Introduction and Chapter 4, motivation is one of the 
central elements of this research. The assumption of students’ individual 
differences and differences in their motivation orientation is found to be 
significant. This leads to an interesting problem: do students with different 
motivation orientations learn different things during the site visit sequence? 
What do they emphasise in the interviews? This is also stimulating from the 
point of view of differentiating teaching, which is strongly urged in the An-
nex of the National Core Curriculum (AANCCBE, 2011). In this substudy, 
the categorisation of students based on their motivation orientations and con-
ducted by a cluster analysis of the AMQ results was employed; students were 
categorised into groups of amotivated students and students with controlled 
or autonomous motivation orientation. 
 
11.1 Research questions of the third substudy 
The effectiveness of the site visit teaching sequence from the point of view of 
the aims of the curriculum is examined by analysing students’ outputs before 
and after the visit, and by asking students themselves. The research questions 
are: 
 
What was the difference between students’ outcomes before and after the 
site visit teaching sequence? 
 
and 
 
How did students with different motivation orientations describe their 
learning during the site visit sequence? 
 
11.2 Data collection and analysis methods 
 Research question 1 is answered on the basis of students’ (age 14–15) pre- 
and post-mind maps. Research question 2 is answered on the grounds basis of 
student interviews. This substudy focuses on the cycles 1 and 2, during which 
students were interviewed and the mind maps were constructed. These cycles 
are selected because the researchers organised both the visits and the mind-
map constructing situations. The final trial of the research was organised by 
the teachers independently according to their own schedules, and many of 
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them did not find time to organise the mind-mapping activities. In the follow-
ing sections, the procedure of constructing mind maps before and after the 
visit and aspects related to students’ interviews are considered in detail. 
 
11.2.1 Students’ pre- and post-mind maps 
When considering how to examine the scientific content that students had 
learnt during the teaching sequence, it was decided that informal mind maps 
constructed by the students be used before and after the sequence. These 
mind maps were data-gathering tools, and they were different from the con-
cept maps that were suggested for the sequence processing phase in Chapter 
7. A mind map, in general, refers to an informal type of a graphical represen-
tation of the concepts in a student’s knowledge structure. The mind map is 
considered informal when compared to a Novakian concept map, for example. 
Before starting with the mind map task, students were given the company 
name and the commercial slogan, and three concepts: careers and occupa-
tions, materials, and products. First, students constructed mind maps in which 
they showed their pre-knowledge about the company they were about to visit. 
Students had trained in the mind map technique earlier, and they were famil-
iar with converting their understanding into graphical form. Students were 
also given a couple of questions (such as ‘What materials are needed to 
manufacture a product in the company?’) that aimed at helping them to get 
started. On the basis of these three given concepts, students outlined mind 
maps of their own pre-knowledge. If they had not been told anything about 
the occupations in the technology industry within their career counselling 
lessons, some of them were a little frustrated with the task. Some even said 
that the map was ready before they even started.  
After the site visit students constructed another mind map about the in-
dustry site they had visited. They were given the same concepts as before the 
visit: careers and occupations, materials, and products. Students’ outputs 
before and after the visit were compared to each other in order to determine if 
there has been any improvement as a result of the sequence. First, I went 
through the maps and became acquainted with students’ outputs. The con-
cepts in the maps were listed. This was an appropriate method because the 
structure of the maps was very simple; there were three branches going from 
the middle (company name) in three directions (occupations, materials and 
products). A short description of each mind map was written. The focus of 
attention was on the relationship of a certain concept and the field of industry 
that the visit was related to, not so much on the relationship between a certain 
concept and the network of concepts in the mind map. But as mind maps are 
merely concept lists by their nature rather than networks like formal concept 
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maps, it was decided that analysing the structure could receive less attention, 
and the concepts in the concept lists were divided into categories of ‘relevant’ 
and ‘irrelevant’. ‘Relevant’ in this context is defined in the next chapter. 
The next phase was to decide how to make the distinction into relevant 
and irrelevant concepts. Another researcher and I generated analysis criteria 
based on the aims of the teaching sequence and the curriculum, and the in-
struction of the mind map task itself. The analysis criteria consisted of cate-
gories a) careers, occupations, education and business issues related to the 
company, b) materials used at the company and c) products manufactured at 
the company and their uses. We categorised the concepts of the mind maps 
independently from each other keeping the criteria in mind, and our results 
were compared. Each concept that was not categorised unanimously was 
discussed, and a consensus was reached. The most obvious reason to classify 
a concept as irrelevant was to deem it too general in the context of the par-
ticular company. An example of this was ‘boss’. It was considered irrelevant 
because almost every company has a boss (or more formally manager), and 
writing down ‘boss’ does not reflect any knowledge concerning a particular 
company. Additionally, those concepts that were not understandable, due for 
example to the language used, were categorised irrelevant, rather than being 
subject to an inexact effort to decode the meaning. Students might have had 
relevant concepts in their pre- maps due to their science lessons, studying the 
cross-curricular themes in the National Core Curriculum for Basic Education 
(NCCBE, 2004), or from the media or family discussions.  
Students’ pre- and post-mind maps, more precisely the difference in the 
amount of relevant and irrelevant concepts in them were compared with a 
nonparametric Wilcoxon test. Wilcoxon Signed Ranks Test is a nonparamet-
ric equal to the t-test, for occasions on which the values of the paired differ-
ences are not normally distributed (Cohen, Manion, & Morrison, 2007). The 
pre-conditions for the use of the Wilcoxon test are that the measurements are 
conducted in pairs, that it is possible to say which one of the values in certain 
measurements is bigger, and that the distinctions between values can be or-
ganised based on the order of magnitude (Metsämuuronen, 2006). The differ-
ences must have been measured with an interval scale at a minimum. In this 
case, the measurement was paired or related (pre- and post-test design), the 
difference was measured in a ratio scale, and the values of the variable (num-
ber of concepts in the mind map) were not normally distributed.  
 
11.2.2 Students’ interviews 
The relationship between students’ motivation orientation and what they 
adopt during the sequence was of interest in this substudy, and therefore 
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students with different motivation orientations were chosen for interviews, 
following the procedure presented in more detail in Chapter 8. A representa-
tive from each cycle with features of a particular motivation orientation 
(amotivation, controlled motivation, autonomous motivation) was selected, 
on the basis of the AMQ, for interviewing; there were six interviewees alto-
gether. 
Students were interviewed according to a semi-structured protocol in or-
der to understand better the aspects that students had adopted, based on their 
mind maps. The interview protocol was grounded in the aims of the sequence. 
In line with the relevance criteria of the mind map concepts, the interview 
questions concerned careers and occupations of the company, materials used 
at the company, and the products manufactured by the company. Learning 
about these aspects was the core emphasis when the sequence was designed 
(see Chapter 9). There also were additional questions concerning students’ 
view of their own mind maps before and after the visit. The aim was to exam-
ine what aspects of the visit students remembered and what they emphasised, 
and reveal students’ own view of their learning during the visit, all in relation 
to their motivation orientation. In the same interview, students were asked 
about their motivation to study science. These results are discussed in the 
second substudy. The interviews took from 20 to 29 minutes, and produced 8 
to 13 pages of transcripts each, given that the motivation part and the learning 
parts were combined. The interviews were conducted after the construction 
of the post-mind map. Following the ideas of deductive content analysis 
(Tuomi & Sarajärvi, 2002), the analysis sequences were coded as to whether 
they illustrate the products, materials, and occupations related to the company, 
because those aspects were emphasised in the intended learning outcomes. 
In the second part of the interview, themes that were selected as units of 
analysis were coded on the grounds of the aims of the sequence. The codes 
were occupations, materials and products. The results of that part of the in-
terviews are discussed in this chapter.  
I read the students’ answers several times. First, the interviewees’ utter-
ances were associated with the category features mentioned above. Second, 
reduced expressions in English were composed after distinguishing the rele-
vant issues from the ones focusing on something else, and encoded with the 
relevant category code in the analysis table. Students’ word-for-word quota-
tions, the English translations of the word-for-word quotations, and the coded 
reduced expressions of these quotations were arranged in the analysis table. 
Finally it was confirmed that the categorisation agreed with the original Fin-
nish expression. 
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11.3 Results of the mind maps and interviews 
Because the mind maps in cycles 1 and 2 were constructed according to es-
sentially similar instructions, the data was analysed together, and the inter-
view results from both cycles were combined. On the grounds of the Wil-
coxon signed ranks test, the number of concepts in students’ post mind maps 
that are relevant to the aims of the teaching sequence was significantly in-
creased during the teaching sequence (Z=300, p<.05). The means of the 
whole sample and means of each motivation orientation group are presented 
in Table 15; the student group was analysed as a whole in this test. Even a 
cursory glance at Table 15, in which the means of relevant and irrelevant 
concepts in students’ pre and post maps are considered one motivation orien-
tation at a time, indicates that the number of relevant concepts has increased, 
and the number of irrelevant concepts has decreased, from pre to post. The 
test was conducted in order to confirm the results statistically. However, 
because the research setting that was not controlled, it is not possible to say 
anything about causality between the site visit and the increase in the number 
of topic-relevant concepts in students mind maps. However, when comparing 
different motivation orientations, controlled and autonomous motivation 
orientations distinguish themselves from amotivation.  
 
Table 15. Numbers of concepts in students’ pre and post mind maps. Means of differ-
ent motivational groups and the entire sample. 
 
 Pre-map 
irrelevant 
concepts 
(mean) 
Post-map 
irrelevant 
concepts 
(mean) 
Pre-map 
relevant 
concepts 
(mean) 
Post-map 
relevant 
concepts 
(mean) 
Amotivation (N=5) 6 2.6 1.2 4.4 
Controlled motivation 
(N=13) 8.4 5.7 1.6 15.3 
Autonomous motiva-
tion (N=8) 9 3.8 3.9 11.5 
Whole sample 8.2 4.5 2.2 12.1 
 
The distribution of the concepts based on the categories in students’ post-visit 
mind maps are presented in Figure 3. Students remembered better aspects 
related to products and occupations of the company compared with materials 
that were used in the company. 
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Figure 3. Percentages of relevant concepts representing different categories in stu-
dents’ post-visit mind maps, entire sample. 
 
11.3.1 Amotivated students 
The mind maps of the amotivated students were the narrowest on the average 
based on the number of concepts in the maps (See Table 15). However, the 
two amotivated students that were selected for the interview were, somewhat 
surprisingly, quite talkative and had a lot to say about how they felt about the 
site visit. One of them (V1) was well aware of the materials that had been 
used in the company and what properties these materials had. She said:  
…well I know that different materials are being used, like rubber, glass, iron and 
metals, aluminium and copper, and paper or cardboard…these things I learnt…  
 
She also knew why certain material was chosen for certain use, and she re-
ferred to the properties of these materials. She explained: 
…rubber he said is…this at least I remember…it is good because it is soft and it is 
easy to manufacture things of it and the glass, it is a bit difficult as it gets broken 
easily and it is difficult to mould…they have to be durable if someone buys a 
product that is very expensive it has to last long, about 15 years or so, I don’t re-
member so well, it has to tolerate hits well and heat and humidity and everything 
that may harm it…” 
 
She also knew what the equipment was designed for:  
…for measuring wind speed and direction and then air humidity and temperature 
and such…  
Occupations 
46% 
Materials 
15% 
Products 
39% 
Relevant concepts in post-visit 
mind maps 
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One amotivated student (M1) considered the quality of the contents of her pre 
and post mind maps as follows:  
…well the picture before it is not such high quality information but then the one 
made afterwards, there is much more information about what there really is… at 
least the professions there are a lot more professions and then more things I could 
not have guessed…there are [post map] information with higher quality, such 
things that really took place in the visit that I now know…” 
 
The mind maps of this student can be seen below.  
 
  
Photo 8. Pre-visit mind map of one amotivated student.  
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Photo 9. Post-visit mind map of one amotivated student.  
 
The site visit gave students a glimpse into what the actual work is like. One 
amotivated student (M1) emphasised the value of an out-of-school visit to her 
understanding:  
…there should be more things like this because when the students see themselves 
how things are done and then if someone is really interested in these industrial is-
sues like a welder’s occupation or an assembler’s, or these topics then they get to 
see themselves with their own eyes and not just watching from TV because it is 
completely different to see it yourself… 
 
Also another amotivated student (V1) valued the possibility see the processes 
on-site. She said:  
…it was probably my own experience because…well the teacher explained the 
topic quite well but still you understand things better when you see…well in my 
opinion it was nice because…I usually learn better when I get to see and try 
things myself...in there I got to listen and speak [to personnel] and then see those 
things so it was a good choice… 
 
One amotivated student’s (M1) understanding also expanded from just a 
product to the whole manufacturing process that creates the final product. 
She said:  
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…when we went downstairs to look how this metal work is done, what are the 
processes like, it was really interesting because I never saw it done before, I only 
thought it is melted and moulded. But then I saw it welded and polished and there 
may be a million processes more but I don’t know what they are but robots are 
doing the job… 
 
Another amotivated student (V1) also described the processes observed:  
…in there they have to braze all those transistors and things together and small 
machinery is used, or the machines are for the smallest tasks if there is something 
that cannot be done by hands, but something is also done by hands… 
 
11.3.2 Students with controlled motivation 
On average, there were large numbers of concepts in the mind maps of stu-
dents with controlled motivation compared to other motivation orientations 
(See Table 15). Students with controlled motivation tried to explain processes 
they saw at the visit using what they had learnt at school, and they primarily 
recalled products that somehow sparked their interest. One student with con-
trolled motivation (V2) remembered best the radiosonde that was demon-
strated in the visit, and that the students were asked to help launch it. This 
student also remembered well the person who gave the presentation, but the 
details of the presentation were not so well recalled. She had vague recollec-
tions regarding education and that many kinds of skills must be possessed, 
but she could not explain them in detail. An example of her view follows:  
…well I don’t know what they were doing but yes, I saw their people working, 
some of them were loading the mast to be taken somewhere, to the Caribbean or 
somewhere, and then, one was showing us the computers in which the radioson-
des were shown, so probably he (she) is doing something… some high level edu-
cation from somewhere and probably there were also basic level education, I 
don’t know where one should study to get to work there, probably chemistry and 
physics and whatever they are, and then, of course if you go travelling you have to 
possess language skills to be able to deal with people, communication skills… 
 
The ideas of another student with controlled motivation (M2) were similar in 
terms of the level of detail. He said:  
…well there were just like the ordinary employee there who works with the device 
and then, I don’t remember the professions very clearly but it was some kind of 
director…director was there but I don’t remember correctly those…they had gone 
to some university and from there then…well they told there that they can travel 
somewhere those who sell the valves he told that he may have to go abroad to sell 
the products and with them… was it the marketing director or something …well 
the marketing person he has to speak different kinds of languages and has to 
know about the economic issues of the company. 
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This student analysed the process of constructing mind maps as follows: 
…well I have found more thoughts and I remember it was easier to write, well it 
was just easier when you did it already once and it was easier then to gather new 
thoughts…it was easier afterwards to construct the mind map…  
 
  
 
 
 
Photos 10 and 11. An example of pre- and post-mind maps of a student with con-
trolled motivation orientation. Pre map above, post map below. 
Promoting science understanding and knowledge about STEM occupations with… 117 
11.3.3 Students with autonomous motivation 
Students with autonomous motivation gathered new information about the 
properties of materials, and that certain material was chosen for certain uses 
due to its properties, but in a much more specific way than the amotivated 
and controlled motivation students. The post-mind maps of these students 
improved in terms of the quality and relevance of the concepts chosen for the 
maps. An example of their detailed way of describing follows (M3):  
…for example there different kinds of flow control devices these valves, in there 
they showed different models of them and computer software was told about, and, 
in fact, there actually was nothing else…the place we went was about flow control 
systems…we were discussing with the material engineer I don’t remember his title 
but, however, he said that there are about 20 metals, basic and then about 100 
special surface covering materials… 
 
The other interviewed student with autonomous motivation (V3) also had a 
detailed understanding about the materials used in the company:  
…metals, I mean aluminium, and plastic in the covers and then copper is quite 
often used in the circuit boards and wires and conductors, and then of course 
rubber is the insulating material and then cardboard is the packing material 
because those [the device] are transported and stored in cardboard boxes…  
 
Similar detailed descriptions were found when another student with autono-
mous motivation spoke about occupations at the company (M3):  
…there were collectors, personnel managers, engineers in general, welders and 
everything related to metal industries and electric industries also…most of them 
had an engineer’s education, of course different kinds of engineers, electric 
engineer, machinery engineer, metal engineer or something, and graduate 
engineer…well, for example the device collector had the fine tuning to put the 
small parts of the device together, and the product engineer is responsible for 
what is done, and then there are, of course the designers who design with a 
computer and then, of course if you are a welder, for example, [you have to know] 
how a certain metal acts in a certain temperature and in general, how certain 
materials and substances act in certain circumstances…  
 
Another student (V3) also remembered many different occupations:  
…the majority of them, or about a half, were engineers…eclectic engineers, and 
then there were those in the commercial sector, salesmen and then at least one PR 
person who gave us the presentation, and then there are all kinds of packers and 
kind, less well-paid jobs… they were…was it 60% engineers, three with doctoral 
degree and then there were…I don’t remember the percentages but quite many 
with vocational level degree in business… 
 
One student (M3) noted on his own that his knowledge structure had gotten 
more detailed and precise during the visit. He said:  
118? Anni Loukomies?
…well for example this Metso automation had this adjusting device for industry, 
so at first I considered all kinds of adjusting devices but they are for flow control, 
current flow, water flow, air flow and so…valves and such, computer 
software…so my view became more precise about products that they do not 
produce all kinds of adjustment devices but they have specialised themselves for 
just some of them... and then also the knowledge about professions expanded… 
 
Below there are two examples of pre and post mind maps of students with 
autonomous motivation orientation.  
 
 
 
Photo 12. 
 
 
 
Photo 13. 
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Photo 14. 
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Photo 15. 
 
Photos 12, 13, 14, and 15. Two pairs of pre and post maps (12 and 13, 14 and 15), 
created by students with autonomous motivation orientation.  
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11.4 Discussion 
The interviews revealed that amotivated and controlled students had con-
structed a less detailed view of the site than those with autonomous motiva-
tion. The highly-motivated students may have constructed some kind of 
topic-related knowledge structure even before the visit sequence, and thus it 
was easier for them to recall also the details in the interview situation. The 
high- quality motivation may also be related to students’ better organisation 
of information and thus more effortless retrieving. Besides the products, 
materials, and technological applications of science, students gathered new 
information about work life, environmental issues, and recycling materials in 
the company. Some of the interviewed students remembered that there are 
professionals from various fields working in technology enterprises, and that 
some kind of , vocational or university level education is needed, and that 
employees of the company must possess many different kinds of skills. This 
is very important, especially from the point of view of the amotivated ones, 
who might have difficulties in seeing the relevance of their science studies. In 
an authentic situation, they saw how the whole range of skills taught within 
different school subjects is utilised.  
The data collected for the purposes of this substudy offers one view into 
the evaluation of the developed teaching sequence. Here, the focus is on the 
intended learning outcomes related to learning of properties, use, and manu-
facturing of materials and artefacts and, moreover, to students’ knowledge 
about STEM occupations and the education needed for those occupations. 
Based on the results of this substudy, it is argued that a site visit teaching 
sequence that is designed according to principles of the IBST, and that en-
compasses features that promote students’ responsibility, active thinking, and 
motivation, has a positive impact on students’ outputs in the context of mate-
rials science. The statistical parameters show significant increase in the 
amount of topic-relevant concepts in students’ post-visit mind maps com-
pared to those created before the site visit sequence. If the increase in these 
concepts is interpreted as a proof of learning, then it can be concluded that 
most students have learnt materials science-related information during the 
sequence. Of course with this research design it cannot be guaranteed that 
there were no other variables that influenced the results, but it is unlikely that 
the students had gathered the information concerning the company they vis-
ited from some other resource completely divorced from the visit. Taking 
these conditions into account, it is concluded that the improvement in the 
mind maps is an indication that learning has taken place.  
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When collecting data with mind maps, a pre-post design was applied, but 
the interviews relied retrospectively on what students remembered about the 
visit. The questions may have guided students thinking, and important as-
pects outside the scope of the questions may not have emerged, as no one 
asked about them. In general, the teenage participants had difficulties in ex-
pressing their thoughts in spoken words, and many found the interview situa-
tion exciting. It might be claimed that a control group would have clarified 
this issue, but as the design and research takes place in an authentic setting, it 
is difficult to distinguish the different variables of the learning situation and 
manipulate only them, as would be required in a control group context. Even 
though the visit was in a focus in this sequence, there were also many fea-
tures of ordinary teaching taking place. Moreover, the design process pro-
ceeded simultaneously with the research, and formative evaluation of the 
collected data guided the design, so there was no refined intervention to be 
tested. Emphasising the scrutiny of the post-mind map in the interview situa-
tion and videotaping this conversation so that the mind map could also be 
seen might be an improved means of gathering information of the students’ 
re-formulated knowledge structure concerning the occupations, materials, 
and products encountered during the teaching sequence.  
The sequence seems to be a reasonable way of promoting studying in 
authentic contexts. The careful preparation before and elaboration afterwards 
enhances learning of scientific concepts and introduces methods of applying 
scientific knowledge in real world. This follows the ideas of Storksdieck 
(2001), as he argues that the students’ preparation phase and examination of 
students’ prior knowledge and attitudes, and a follow-up are essential to con-
nect the visit successfully to the curriculum. If prepared carefully beforehand, 
and elaborated further after the visit, an out-of-school visit is a good example 
of encountering new concepts and information in multiple contexts. Activi-
ties that the students carry out in the classroom before the site visit should 
help the students to deepen their understanding about the science-related 
topics they will observe during the visit (Astin, Fisher, & Taylor, 2002). 
Kisiel (2005) argues that such a connection encourages the teacher to organ-
ise out-of-school visits, and helps to see the benefits of the visit from the 
point of view of the planning the teaching sequences. 
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12 Overall discussion 
 
This dissertation has been an interaction between design and research. Cen-
tral to this design-research project was applying a motivational theory, SDT, 
into a pedagogical sequence and testing that sequence. A teaching sequence 
was designed for school science in order to enhance students’ motivation for 
and interest in science learning, to break their stereotypical images related to 
science occupations and their own possibilities in those fields, and offer them 
a new perspective that combines what they have learnt at school with life 
outside the school. As the students see the additional aspects of science com-
pared with those they may have seen in the classroom, their feelings of per-
sonal relevance of science studies may increase, and they may become more 
motivated and interested in studying science. Another aim for the design was 
to generate a phenomenon to be investigated in the research stage by imple-
menting the designed sequence. The aim of the research was to examine 
which particular aspects of the design have appealed to particular students 
and enhanced their motivation and interest, and what students have learnt 
within the project. Special emphasis has been placed on students’ distin-
guished motivation orientations.  
In this section, the multifaceted design-research project is discussed from 
the following three perspectives: firstly, evaluating the quality and trustwor-
thiness of the research; secondly, the design solution and the process through 
which it was generated; and thirdly students’ motivation and interest in the 
context of science education. Finally, the aspects that arose during this re-
search project, but that are too extensive to be included in this report, and 
challenges for future research are discussed briefly.  
 
12.1 Evaluating the quality and trustworthiness of the re-
search 
The paradigmatic commitments, background, and purpose of the research 
outline the criteria on which the quality and trustworthiness of the research 
should be evaluated (Patton, 2002). For example, the traditional scientific 
research criteria of assessing the quality of a certain research—namely the 
concepts internal and external validity, reliability, and objectivity—arise 
from the positivist research paradigm that builds on the assumptions of objec-
tivism and a view of truth as a representation (Niiniluoto, 2002). Based the 
ontological differences, Guba (1981) classifies research paradigms as ration-
alistic and naturalistic, the former resting on an assumption of truth as repre-
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sentation, the latter resting on the antirepresentational view of truth. Accord-
ing to Guba (1981), the four aspects of trustworthiness that are relevant from 
both the rationalist and naturalistic perspectives are truth value, applicability, 
consistency, and neutrality. However, depending on the paradigm, they are 
demanded to different extents. In conventional scientific research, internal 
validity is related to truth value, external validity or generalizability to appli-
cability, reliability to consistency, and objectivity to neutrality. Various qual-
ity criteria have been proposed to be used when evaluating research that is 
not based on positivist tradition and thus cannot be evaluated with the tradi-
tional standards. Guba (1981) proposes replacing the term internal validity 
with credibility, external validity with transferability, reliability with depend-
ability, and objectivity with confirmability. Denzin and Lincoln (2005) and 
Patton (2002) further argue that the trustworthiness of research building on 
the constructivist tradition should be evaluated in terms of credibility, trans-
ferability, and confirmability.  
In this thesis, the criteria for the quality and trustworthiness of the study 
have been chosen on grounds of the paradigmatic commitments rather than 
on grounds of methodological choices. Pragmatist and constructivist para-
digms share an antirepresentational view of truth and value the subjective and 
intersubjective experiences of individuals (Biesta & Burbules, 2003; Denzin 
& Lincoln, 2005). This ontological difference makes it inappropriate to 
evaluate a piece of research that builds on a pragmatist or constructivist para-
digm with criteria emerging from the positivist paradigm. Besides the 
antirepresentational view of truth, action is considered important in the writ-
ings of the significant characters of constructivism and pragmatism. One 
explanation offered is that both paradigms root from the same philosophical 
background (Miettinen, 2008). The trustworthiness of this piece of research is 
scrutinised on the grounds of quality criteria proposed for naturalistic para-
digms (Guba, 1981; Denzin & Lincoln, 2005; Patton, 2002). Besides these, 
Edelson (2002, 2006) has suggested quality criteria for DBR. First of all, a 
design-based research project must aim at yielding insight to some important 
need or problem. Then, from the research point of view, the design must be 
grounded in prior research, it must be carefully documented and formatively 
evaluated in order to steer the iterative cyclic process, and the results must be 
generalizable. From the design point of view, what is the novel innovation? Is 
it useful? These sets of criteria overlap at some points and therefore will be 
discussed in parallel.  
As noted, trustworthiness of the research has to be evaluated from the 
perspectives of credibility, transferability, dependability, and confirmability 
(e.g. Guba, 1981; Lincoln & Guba, 1985). Credibility is concerned with the 
question of whether the research results are congruent with reality (Merriam, 
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2002). In qualitative approaches, the understanding of reality is really the 
researcher’s interpretation of participants’ understanding of the phenomenon 
of interest (Merriam, 2002, p. 25), and thus tracking this understanding re-
quires extra care. Patton (2002) argues that three aspects need to be consid-
ered when aiming at increasing the probability of credible findings. These 
aspects are methodological rigor, the credibility of the researcher, and com-
mitment to the qualitative paradigm that means appreciating holistic thinking, 
purposeful sampling, and qualitative methods in general. Methodological 
triangulation is one means of decreasing biases in the results (Merriam, 2002). 
In this study, both qualitative and quantitative methods were used, and con-
flicts between the results they yielded were scrutinised carefully. The analy-
sis of the ESIAQ did not reveal any statistically significant differences be-
tween how the students felt about the teaching sequence when compared with 
their usual way of studying science. By contrast, the interviews revealed that 
despite their motivation orientation, students preferred the site visits to ordi-
nary science lessons, and none of them would have chosen to stay at school 
instead. It can be concluded that the questionnaire failed to grasp the students’ 
experiences fully. The reasons may be the wording of the questionnaire or the 
time the questionnaire was employed, or a combination of both. Although 
statistical methods did not reveal any differences between the teaching se-
quence and ordinary science teaching, the qualitative method of the inter-
views certainly did. However, interview as a data collection method is open 
to interviewer bias (Cohen, Manion, & Morrison, 2007). These biases have 
been controlled by carefully transcribing the interview tapes and by employ-
ing researcher triangulation.  
Additionally, some theory triangulation has been employed; besides the 
SDT, students’ motivation orientations were considered also from perspec-
tives of other motivation theories in the discussion chapter. Technical rigor 
has been employed in the data collection, analysis, and reporting phases. The 
clustering of students in the data collection phase poses a threat to the credi-
bility of the research. Counting the percentages of the number of students in 
different clusters one cycle at a time deviates remarkably from the percent-
ages counted on the basis of the whole sample (29 students). However, given 
that the data-gathering was a primary tool for redirecting the design, the clus-
tering and the subsequent interviews had to be conducted immediately after 
each cycle. It must be kept in mind that students are categorised as amoti-
vated in relation to their own groups.  
Researcher credibility is a vital element in research with integrity. The 
principle in increasing the credibility of the researcher is to report any per-
sonal and professional information that may have affected data collection, 
analysis, and interpretations (Patton, 2002, p. 566). This includes detailing 
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the roles and affiliations of the researcher in relation to the aims of the study. 
Regarding this research, these aspects are discussed in Chapter 9, which 
describes the different cycles of the design-research process. Patton’s final 
demand for credibility proposed by Patton (2002), appreciation of the qualita-
tive paradigm, is built into the research, because all decisions have been 
made on grounds of the paradigmatic commitments. A science class setting is 
an example of a dynamic system composed of multiple parts, each with its 
own functions but also involved in a pattern of reciprocal influences with 
other parts (Schaffer, 2006). It is important for the researcher to understand 
that a naturalistic approach is relevant for researching authentic phenomena, 
and if some aspect of the site visit sequence had been isolated and examined 
in a strictly controlled setting, the results probably would have failed to grasp 
the dynamics and interdependence of the components in a real school atmos-
phere. 
Another aspect of research trustworthiness is transferability; the question 
is to what extent the findings can be applied in other situations (Merriam, 
2002). Rather than considering how certain results emerging from a random 
sample may be generalised to a population with a certain probability in a 
positivist sense, it should be considered what can be learned from an in-depth 
analysis of a particular situation and how that knowledge can be transferred 
to another situation (Merriam, 2002, p. 28). Edelson’s (2006) criterion of 
generalizability should not be understood in a purely statistical sense but 
rather as a synonym for transferability of findings. The focus of the research 
must be expandable beyond the current design setting to other contexts. 
Through retrospective analysis, problem, solution, and processes of design 
need to be seen as instances of more general classes. Through the process of 
generalization, the elements of the design process are developed into useful, 
more general theories (Edelson, 2002). Furthermore, the theories that result 
from DBR projects are not justified on the grounds of being interesting theo-
retical constructions but to the degree to which they accomplish pragmatic 
results in complex real-life settings (Cobb, Confrey, di Sessa, Lehrer, & 
Scauble, 2003). However, there is a paradox: even though the complexity of 
a real-world context highlights the need for an effective theory, that same 
complexity makes the development of useful theories much more difficult 
(diSessa & Cobb, 2004).  
The design solution of this DBR project as such is topic-specific, in this 
case materials science, but the idea and procedure of the teaching sequence 
are transferable into the contexts of other school subjects. The transferability 
of this particular design solution has been enhanced by implementing the 
particular design solution many times in Finland and even on one occasion in 
Greece. The Greek implementation is considered here only from the point of 
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view of transferability, to detail the fact that the design solution was function-
ing quite well in a completely different educational setting. The Greek im-
plementation is considered more carefully in a paper by Loukomies et al. 
(2013). According to the external evaluators in Greece, despite the com-
pletely different context and school culture, the implementation was a suc-
cess, so the sequence can be said to be transferable within the European con-
text, at least at some level. This is very valuable, as the adoption process of 
new skills and knowledge in the new context may be problematic, because it 
is known that it involves an interrelated series of personal, cultural, social, 
and situational factors (Rogers, 2003). The external evaluators certified that 
the two implementations had similar elements concerning the scientific, edu-
cational, didactic, and motivational characteristics.  
The Student Book and the Teacher Guide are concrete outputs of the re-
search, and they can be used to the extent that they fit into a teacher’s plans. 
The new knowledge generated about motivation, interest, learning science in 
out-of-school settings, and an interdisciplinary approach in relation to theory-
based instructional method and authentic context is transferable from the 
science education context into education in a broader sense. For the success-
ful transfer of the sequence, it is necessary that the designers, when they 
distribute the sequence, focus their efforts and interest on the essential char-
acteristics (psychological and educational) of the sequence, being flexible 
and willing to change characteristics of minor importance.  
A challenge for DBR lies in finding a balance between refining a particu-
lar innovation in order to maximise its success, and generalising findings to a 
different set of conditions (DBRC, 2003). The context-bound nature of de-
sign research explains why it usually does not strive toward completely con-
text-free generalisations. The need is to determine the factors that result in 
the desired outcome. In this case, the characteristic features are learning ac-
tivities that support the fulfilment of students’ psychological needs and the 
industry-related out-of-school context.  
The aspect of trustworthiness that equals reliability within the positivist 
paradigm is dependability. Reliability means that the findings of the research 
should be replicable by another researcher. However, according to Merriam 
(2002), the demand for reliability in social sciences is problematic because 
human behaviour is never static (p. 25). He finds it more relevant to ask 
whether the results are consistent with the data collected. Besides being reli-
able, dependable findings of the research are also trackable by the reader. 
This means that the readers can authenticate the the findings by following the 
researcher’s path (Merriam, 2002).  
This demand fits well with the requirement for systematic documentation 
of a DBR process, in order to support retrospective analysis. Traditionally, 
128? Anni Loukomies?
however, this has not been called for in educational research the way it is in, 
say, engineering disciplines. The implicit elements of the design must be 
made explicit, perhaps by documenting them in a research log. The design 
process must be documented so that it can serve as an object for public re-
flection and discussion. This means documenting both successes and failures 
(DBRC, 2003). Careful documentation is also the key to sustaining trustwor-
thiness in the phases of gathering evidence and reporting it. Documentation is 
also central in controlling bias, because the research setting can be highly 
dynamic and flexible and the researcher is thus highly personally involved in 
the context.  
An innovative design process is open-ended, relies on creativity, conducts 
a systematic search in and through a particular solution space, and is a se-
quence of decisions made to balance goals and constraints (Edelson, 2002). 
Being so complex, context-bound, and multifaceted, DBR interventions can-
not be precisely replicated (DBRC, 2003). Furthermore, because design re-
search interventions and settings are naturalistic, scientific rigor may some-
times be difficult to maintain (van den Akker, Gravemeijer, McKenney, & 
Nieveen, 2006). In many effective designs the design processes are flexible 
and dynamic, meaning that the entire procedure cannot even be described 
properly until the design process is completed (Edelson, 2002).  
The researcher’s track in this research is at its most explicit form in Chap-
ter 9, in which the design-research process is described and evaluated. Some-
times decisions concerning the procedure were prepared during very informal 
discussions, e.g., when walking from the school to the parking lot. According 
to the guidelines for recording observations when conducting case study 
research (e.g. Cohen, Manion & Morrison, 2007), the decisions and ideas 
generated in such conversations were written down as soon as possible, as 
forgetting details accelerates as more time passes.  
Confirmability refers to the fourth aspect of trustworthiness proposed by 
Guba (1981), neutrality. In qualitative paradigms, given that there are multi-
ple realities and furthermore, multiple value systems, neutrality as objectivity 
may be difficult to require because subjectivity is built into the qualitative 
paradigm. Instead of objectivity, Guba (1981) and Lincoln and Guba (1985) 
propose using the term ‘confirmability’. One method, again, is triangulation 
that may and thus correct reveal biases in the data and interpretations. A DBR 
process, being theory-driven, can also be seen as a demand for confirmability. 
In the initial phase, DBR projects must be informed by the theoretical find-
ings of previous peer-reviewed research findings in order to be able to yield 
useful results. Furthermore, DBR projects should be guided by explicit re-
search goals. In other words, the designers’ world must be connected with 
both research findings and research perspectives. Designers should also be 
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aware of any reliance on intuition, incomplete theories, or informal knowl-
edge, and such bases or assumptions should be documented as well. Finally, 
they should be aware of any gaps in the current understanding of the problem 
in question. Theory also guides data collection and analysis.  
The commitment to use a theory-driven design generates complex inter-
ventions that can be improved through empirical study (DBRC, 2003). The 
demand of anchoring the design in theory has been taken into account in this 
project; research and design were grounded in the self-determination theory 
(SDT) of motivation (e.g., Ryan & Deci, 2002), theories of interest (e.g., Hidi, 
2006; Krapp, 2007), and theories of learning in general (Bransford, Brown, & 
Cocking, 2000), learning in out-of-school settings (e.g., Braund & Reiss, 
2004), and learning through inquiry activities (e.g., White & Gunstone, 1992). 
Features emerging from theories of motivation and interest are included in 
the design solution. In addition to the design stage, theory guided the data 
collection and analysis phases. Theoretical concepts were operationalized by 
‘translating’ them into students language in the questionnaires and interviews. 
Formative evaluation is also a significant tool in the pursuit of neutrality 
in design-based research, because it can identify inadequacies in the elements 
of the design process. A tightly integrated process of design, evaluation, and 
revision enables designer-researchers to identify problems or gaps in their 
understanding. Formative evaluation (e.g. evaluation discussions, external 
evaluations by experts, and student evaluations) expose issues the design-
researcher must address. In this particular DBR project, aspects revealed 
within formative evaluation justified the decisions and changes. After each 
cycle of DBR, the analysis of the data collected within the cycle, the coordi-
nated teacher-researcher conversations, researchers’ discussions, and external 
evaluators’ observations helped to identify weaknesses and inadequacies in 
the procedure, and afterwards these inefficient aspects were either revised or 
rejected. The inquiry tasks, for example, were modified to encompass models 
of materials to be used as background information in the tasks. The inquiry 
tasks also aimed at focusing students’ attention on the important aspects of 
the materials from the point of view of the company. 
From the design point of view, the process starts from recognizing some 
issue that needs to be improved. Above all, the artefact needs to be pedagogi-
cally relevant and usable; these two criteria justify its very existence. Peda-
gogical relevance means that the artefact has to fit the contemporary view of 
learning in the context of science education. In this report, the pedagogical 
relevance and usability are considered from the perspectives arousing from 
literature, and users’ (students’ and teachers’) perspectives. Alternatives to 
the current (problematic) practices and how these alternatives can be gener-
ated and sustained (Edelson, 2006) need to be examined. The demands for 
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novelty and usefulness of the design were fulfilled in this research, as there 
was new knowledge generated about how to appeal to students of different 
motivation orientations with out-of-school visits and about organizing site 
visits and combining science teachers’ and language arts teachers’ profes-
sional competence to approach the out-of-school setting from an interdisci-
plinary perspective. The ultimate usefulness of the research might be evalu-
ated based on its practicality for real users, i.e., whether teachers adopt the 
design solution or not (DBRC, 2003; van den Akker, Gravemeijer, McKen-
ney, Nieveen, 2006). 
The design aspect typically brings some uncertainties to the picture: a 
new practice cannot be described and defined explicitly because it does not 
yet exist in the beginning phase of the research. Recognising and explicating 
all the variables concerning the phenomenon under examination is very diffi-
cult or even impossible. Although the novelty of an innovation involves risk, 
the fact that theory grounds the innovation reduces the risk into a tolerable 
scale and eliminates irrational excesses. The theoretical perspective thus 
helps put the innovation in context by scrutinizing the innovation through the 
lenses of prior theory. As Walker (2006) states, theory is the guarantee of the 
quality of these innovations. Research that takes a somewhat bigger risk of a 
false conclusion may have greater reward. For example Wang & Hannafin 
(2005, p. 6) have aimed at being systematic but flexible in their definition of 
DBR. The objective of design research is different from the objective of 
traditional experimental research. Therefore the results yielded by these two 
approaches are not easily comparable and should not be judged by the same 
standards (Edelson, 2002). However, the demand to be rigorous in order to be 
plausible and pragmatic is a challenge that must be taken seriously. An over-
simplifying or ‘anything goes’ approach is not acceptable (DBRC, 2003). 
 
12.2 The design solution: The site visit teaching sequence 
for science education 
A teaching sequence was designed that is an application of particular motiva-
tion and interest theories in the context of science education. The design 
solution (industry site visit teaching sequence with motivational features) was 
designed in order to research a certain phenomenon, namely student motiva-
tion within the context of industry site visits. Without this specific design 
solution, this particular phenomenon could not have been investigated. The 
design took place in iterative cycles; during the process, the design solution 
was revised in order to better facilitate students’ motivation and interest. The 
decisions about revisions were made on the grounds of the data that was 
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collected during the cycles. This research yields novel knowledge about fa-
cilitating different students’ motivation towards science studying with indus-
try site visits. This is discussed in more detail in the next subchapter that 
concerns the research side of this project. Besides the novel knowledge gen-
erated through the process, the co-product of this design-research project is 
the pedagogical sequence that can be transferred into other contexts. The 
materials related to the sequence, the Student Book and the Teacher Guide, 
can be downloaded from a website.  
DBR appears to have been a suitable approach for developing the teach-
ing sequence, especially because of its cyclic nature. Such a multifaceted 
structure would have been impossible to construct without an iterative ele-
ment. Many essential aspects, such as the most effective way of setting the 
instructions for students or practical issues concerning the organisation of the 
site visits, were revealed only when through testing the sequence in an 
authentic school environment with different teachers.  
According to a synthesis constructed by Minner, Levy & Century (2010), 
a given instruction can be classified as inquiry if it emphasises students’ 
responsibility, active thinking, and motivation in at least one of the phases of 
the instruction. In this designed teaching sequence, students were responsible 
for scrutinising the background information about the company on the web, 
deciding about the perspective of their article according to their interests, 
planning the relevant questions in order to gather appropriate data and ade-
quate information, choosing the people to be interviewed during the visit, 
making notes, and processing the data collaboratively into article format. In 
the interviewing situation on the site visit, the students’ responsible role was 
most obvious. The teenaged students, who during their science classes at 
school were sometimes not overly willing to take responsibility for their 
learning, displayed real maturity when they had the chance to talk with the 
company professionals in the way that adults speak with each other, with the 
teacher not interfering in the situation.  
Students’ active thinking was emphasised in the reporting phase, as they 
planned their articles and data collection and especially in the process-writing 
phase. During the reporting task, students scrutinise more deeply different 
elements of technology and industry, and examine the ways that scientific 
knowledge is applied in real-life contexts, and, finally, how it relates to em-
ployees’ everyday activities. Creating a written work is a complete process 
which involves students in transmitting ideas—through reading, organising 
ideas into sentences and paragraphs, putting them into logical order, support-
ing main ideas and points with a few key details, drafting, and editing. As 
this work was performed in collaboration with others, students continually 
needed to challenge their own views and work at adopting their peers’ per-
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spectives in order to reach a compromise. Collaboration with the language 
arts teacher is highly recommended in this phase. 
Students’ motivation was supported with the theory-based features that 
were included in the procedure. Giving students the responsibilities intro-
duced in the previous paragraphs supports their need for autonomy; all tasks 
were conducted in collaborative groups. This strategy aimed at supporting 
students’ feeling of social relatedness, while feedback from the teacher and 
peers had the potential to enhance students’ feeling of competence. Finally, 
students’ curiosity was nurtured by studying in a stimulating and authentic 
context enriched by the opportunity to meet interesting people working in the 
field. 
Beyond the skills related to traditional school subjects, students practiced 
interdisciplinary skills introduced by Drake and Burns (2004), such as think-
ing and research skills. As described above, the teaching sequence aims at 
increasing motivation and interest in science learning, increasing students’ 
awareness of and interest in science and technology careers, and guiding 
students to encounter materials, like paper, metal, and plastics in various 
situations and contexts. A number of teaching methods are needed to realise 
these aims. These methods are introduced more explicitly in the Teacher 
Guide, and an in-service course is recommended to encourage the science 
teachers in applying methods that may be new to them. An industry site visit 
introduces students to the broader societal side of science, enhancing students’ 
awareness of science and technology occupations, and finally increases stu-
dents’ understanding of the relevance of their own science studies. Moreover, 
an industry site visit offers students the opportunity to see how materials are 
used and it demonstrates certain properties of how materials are used in in-
dustry. When examining the occupations in the field of science and technol-
ogy, close collaboration between the science teacher and the career counsel-
lor is recommended.  
The inquiry activities connect the content of the visit with materials stud-
ied at school, so that the visit and school study support each other, and stu-
dents have a fuller picture of the use of materials and professionals working 
with those materials. Inquiry activities offer a context for appreciating the 
properties of materials and the use of model-based reasoning. The Teacher 
Guide offers the teacher explicit guidelines for organising the inquiry tasks. 
Despite careful refining and redesigning of the teaching sequence, the multi-
faceted nature of the entire process remains a challenge for implementation. 
The teacher has to adopt various new teaching methods, some of which may 
not be in within the normal bounds of a science teacher’s expertise. So, in-
service training or another type of mentoring would likely facilitate and en-
courage teachers to support students’ motivation and interest in the way that 
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is described in this study. Without such guidelines, there may be a risk of just 
checking off a list of tasks, concentrating on the product (e.g., the report) 
rather than the process. The Teacher Guide introduces ways that different 
objectives may be approached with different teaching methods. Consequently, 
the teacher should be familiar with the essential features of the teaching se-
quence, in order to implement it effectively; companies may have a strong, 
already existing idea about what a site visit should be like and what the stu-
dents should be doing during these visits, so the teacher needs to make sure 
that the sequence goals remain paramount. It would be best if pairs or groups 
of the science teacher, language arts teacher, and career counsellor implement 
the teaching sequence in close collaboration.  
According to the analysis of the AMQ data, there are differences in stu-
dents’ science-related motivation orientations. The National Core Curriculum 
strongly suggests taking students’ individual preconditions into account in 
teaching (AANCCBE, 2011). Not all students plan to be future scientists, but 
all of them still should be equipped with some basic level of scientific under-
standing. The old slogan ‘science for all’ is a manifestation of this approach 
(e.g., Hodson, 2003). Additionally, the PISA evaluation of the OECD empha-
sises basic scientific literacy skills that all students should possess (OECD, 
2006). At the same time, the interests of potential future experts in the field 
of science must also be considered seriously. The title of a recent publication 
by the EU makes this need explicit: Europe needs more scientists! (EU, 
2004). It is a challenging task for a science teacher to, on the one hand, sup-
ply all students with a sufficient level of scientific understanding and on the 
other hand nurture the potential of future experts to develop and flourish. 
Teachers may find it challenging to differentiate teaching time so as to offer 
meaningful tasks for everybody at the same time, from those who may not be 
motivated to learn science at all to those who may be intrinsically motivated 
to investigate scientific phenomena. The teaching sequence introduced in this 
research facilitates, naturally and effortlessly, the differentiation of science 
teaching. As the main task of students is to gather data in order to report on a 
certain aspect of the site visit, students may choose either easier or more 
difficult topics for their articles and then scrutinise the topic as deeply as they 
wish. Given that the sequence takes place in an authentic context, students’ 
feeling of the relevance of science studies should improve.  
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12.3 Motivation and interest in the context of science educa-
tion 
In this research, students were categorised on the grounds of their SDT-based 
motivation orientation. There are also other ways of categorising motivation 
orientation. As introduced in Chapter 4, there are differences in the founda-
tions of motivational theories, on the grounds of whether motivation is seen 
merely as a result of certain socio-cognitive factors influencing an individual, 
or as a result of an individual seeking for the fulfilment of the basic psycho-
logical needs (Pintrich, 2003; Ryan & Deci, 2002). Viljaranta et al. (2009) 
conducted a study in the theoretical context of the expectancy-value theory of 
motivation constructed by Eccles (see e.g., Pintrich et al., 2003), and that 
employs a more cognitive view of the generation of motivation compared to 
the SDT view (see also the Introduction Chapter). Grounded on the expec-
tancy-value theory, Viljaranta et al. divided lower secondary students into six 
categories based on how the students value tasks at school. 38% of the stu-
dents were multi-motivated, meaning that they valued all school subjects, 
15% valued especially science and maths very highly, and 6% of the sample 
were low-motivated.  
Even though expectancy-value theory conceptualises the generation of 
motivation differently than SDT, motivation is still essentially the same phe-
nomenon, and it is instructive to compare those results with the ones in this 
thesis. When considering the sample and cluster analysis of it as a whole 
(combining samples from the first and second cycle), 9 students of 29 (34%) 
were categorised as autonomously motivated when it came to science learn-
ing. The high percentage compared to the percentage of science-oriented 
students in Viljaranta et al.’s study may mean that the group of autono-
mously-motivated students in this study consists of those who are genuinely 
motivated to study science in particular but also includes those who are moti-
vated at school in general and interested in all school subjects (the multi-
motivated). On the other hand, of the entire sample of this study, 21% of 
students were categorised as amotivated, whereas Viljaranta et al.’s found 
that 6% were challenged to find motivating aspects in the school work. So the 
amotivated group in this study may consist of those that are not motivated to 
study science and those who are not motivated to study at all. The latter 
group is an alarming one, because according to Viljaranta et al.’s main con-
clusion, adolescents’ task value patterns predict their subsequent school track 
and occupational aspirations. The consequences of a lack of motivation to 
study and inability to take responsibility for one’s own actions can be seen 
throughout society, such as number of students that do continue their educa-
tion past their comprehensive school or do not even complete their secondary 
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studies (Statistics Finland, 2009, 2012). This issue makes the opinions of the 
amotivated students in this study especially important when considering 
effective methods of increasing their feelings of relevance about school and 
planning their educational future. 
Additionally, the difference between students with controlled motivation 
orientation and autonomous motivation orientation merits further discussion. 
Even though also those with controlled orientation may be hard-working and 
dogged in their studies, it has been shown that studying merely for the sake 
of high grades and competing with peers does not promote well-being 
(Tuominen-Soini, 2012). Finding methods to facilitate the process of inter-
nalising behaviour regulation improves the quality of students’ motivation 
and promotes their learning results and well-being (Guay, Ratelle, Chanal, 
2008; Vasalampi, Salmela-Aro, & Nurmi, 2009). 
It is important to note that even though statistical methods did not reveal 
any significant difference between the site visit sequence and the ordinary 
way of studying, neither was the visit experienced more negatively than ordi-
nary lessons. Students did not find the site visit teaching sequence to be a 
waste of time, but rather found it a relevant and engaging method of science 
learning. The fact that the teaching sequence appealed to the full range of 
students regardless of their motivation orientations is a productive starting 
point for future designs of interdisciplinary teaching-learning sequences in 
out-of-school settings. Especially remarkable were the amotivated students’ 
positive expressions about the sequence, after having seen the connection 
between what is studied at school and science applied in authentic settings. 
These students are the most challenging from the teacher’s point of view, 
because if they are not motivated to study, they may channel their energy into 
some undesirable activities that have a negative on the classroom atmosphere.  
We still have to ask how permanent the effects of such a sequence are on 
student motivation and interest, from the point of view, for example, of stu-
dents’ future career choices. Lott (2003) argues that such short-term interven-
tions cannot generate permanent changes. There is a need to consider care-
fully how the effectiveness of an intervention is measured and assessed, as 
there may be benefits on the scale of the individual student that cannot be 
tracked with broad statistical methods. However, there is definite a need for 
evidence of the longer-term effectiveness of these interventions because they 
require special effort on the teacher’s part, and teachers must be convinced 
that it is worth the investment. A teacher’s workload may be diminished by 
means of DBR, which offers teachers well-prepared teaching sequences that 
they may adapt for their own purposes with a modest amount of effort. In 
addition, a relatively short teaching sequence like the one introduced in this 
research report cannot be solely responsible for enhancing students’ motiva-
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tion and interest; rather, methods of facilitating the internalisation of students’ 
regulation of their behaviour and thus optimising their motivation and interest 
should be built into all the activities in science classes. Simple but significant 
methods like a teacher’s autonomy-supporting manner of interacting with the 
students (Reeve & Halusic, 2009), encouraging students to take responsibility 
for their actions and more generally following the principles of the IBST, 
should be implemented in all science lessons. Thus the motivation and inter-
est would be supported throughout the whole school year, and site visits 
could offer a deeper understanding about applications of science to even 
larger number of students. Challenges for future research-design projects lie 
in finding suitable means of examining students’ motivational state related to 
science learning, designing research-based teaching sequences that are easily 
implementable and adaptable, and educating pre- and in-service teachers to 
adopt and embrace a way of planning their teaching that supports students’ 
autonomy, competence, social relatedness, and interest development.  
The theoretical background might also be broadened to take into account 
students’ personal needs and whether their environment supports or endan-
gers students’ active decision-making. In her construction of the life-span 
model of motivation, Salmela-Aro (2010) describes motivation as a result of 
four key mechanisms. The first relates to the degree of the fulfilment of per-
sonal needs and the environmental factors that can channel adolescents’ tra-
jectories. The second concerns students’ actively making choices and thus 
influencing the future. The third concerns sharing life goals with others in the 
social environment, while the fourth involves adjusting their goals and think-
ing according to feedback received. The first mechanism related to motiva-
tion is not especially under an individual’s control, but the other three relate 
to metacognitive skills that can be made visible to students and practiced by 
them. Thinking, self-regulation skills, and responsibility belong to extensive 
competencies that are emphasised in the renewal of the National Core Cur-
riculum for pre-primary and basic education (FNBE, 2012). 
From school, and more precisely, the science education point of view, the 
environment that either supports or inhibits the fulfilment of psychological 
needs may be partially under teachers’ control by their choice of activities 
and their style of interaction. In this study, the focus has been in this area, i.e., 
environmental (teacher and instruction dependent) factors planned to enhance 
motivation and interest. However, in line with the demand of the IBST (Min-
ner et al., 2010) for students’ responsibility, future designs for science educa-
tion should not only optimise the environments for facilitating basic needs 
fulfilment but also also foster the development of students’ skills of goal-
setting, monitoring successes or failures and redirecting their activities. These 
perspectives bring thought-provoking challenges for future research.  
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Appendices 
 
Appendix 1 ESIAQ Questionnaire 
 
EVALUATION OF SCIENCE INQUIRY ACTIVITIES STUDENT NUMBER: _______ 
 
DATE: _________ COUNTRY: _______________________NAME: ____________________ 
 
For each of the following statements dealing with scientific inquiry activities, please indicate 
how true it is for you, using the following scale: not at all true (1) … very true (7) 
 
 When I engage in science inquiry 
activity … 
not at all  somewhat very 
true  true  true 
1. I enjoy the activity very much. 1 2 3 4 5 6 7 
2. I think I am pretty good at the 
activity. 
1 2 3 4 5 6 7 
3. I put a lot of effort into the activity. 1 2 3 4 5 6 7 
4. I did not feel nervous at all while 
doing the activity 
1 2 3 4 5 6 7 
5. I believe I had some choice about 
doing the activity. 
1 2 3 4 5 6 7 
6. I believe the activity has some value 
for me. 
1 2 3 4 5 6 7 
7. I feel really distant from my peers 
while doing the activity. 
1 2 3 4 5 6 7 
8. The activity is fun to do. 1 2 3 4 5 6 7 
9. I think I do the activity pretty well, 
compared to other students. 
1 2 3 4 5 6 7 
10. I didn’t try very hard to do well at 
the activity. 
1 2 3 4 5 6 7 
11. I felt very tense while doing the 
activity.  
1 2 3 4 5 6 7 
12. I felt like it was not my own choice 
to do the activity. 
1 2 3 4 5 6 7 
13. I think that doing the activity is 
useful for my science studies. 
1 2 3 4 5 6 7 
14. I really doubt that my peers and I 
would ever be friends through the 
activity. 
1 2 3 4 5 6 7 
148? Anni Loukomies?
15. The activity is boring. 1 2 3 4 5 6 7 
16. After working at the activity for a 
while I feel pretty competent. 
1 2 3 4 5 6 7 
17. I tried very hard on the activity.  1 2 3 4 5 6 7 
18. It was important to me to do well at 
the activity. 
1 2 3 4 5 6 7 
19. I was very relaxed while doing the 
activity. 
1 2 3 4 5 6 7 
20. I didn’t really have a choice about 
doing the activity. 
1 2 3 4 5 6 7 
21. I think the activity is important to do 
because it can help me in learning 
1 2 3 4 5 6 7 
22. I feel I could really trust my peers 
participating in the activity. 
1 2 3 4 5 6 7 
23. The activity did not hold my 
attention at all. 
1 2 3 4 5 6 7 
24. I am satisfied with my performance 
for the activity. 
1 2 3 4 5 6 7 
25. I didn’t put much energy into the 
activity. 
1 2 3 4 5 6 7 
26. I was anxious while working on the 
activity. 
1 2 3 4 5 6 7 
27. I felt like I had to do the activity. 1 2 3 4 5 6 7 
28. I would be willing to do similar 
activities more because they have 
value for me. 
1 2 3 4 5 6 7 
29. I’d like to interact with my peers 
participating in the activity more 
often. 
1 2 3 4 5 6 7 
30. I would describe the activity as very 
interesting. 
1 2 3 4 5 6 7 
31. I am pretty skilled at the activity. 1 2 3 4 5 6 7 
32. I felt pressured while doing the 
activity. 
1 2 3 4 5 6 7 
33. I do the activity because I have no 
other choice. 
1 2 3 4 5 6 7 
34. I think doing the activity could help 
me to learn science. 
1 2 3 4 5 6 7 
35. I feel close to my peers during the 
activity. 
1 2 3 4 5 6 7 
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36. I think the activity is quite enjoy-
able. 
1 2 3 4 5 6 7 
37. I couldn’t do the activity very well. 1 2 3 4 5 6 7 
38. I do the activity because I want to 
do it. 
1 2 3 4 5 6 7 
39. I believe that doing the activity 
could be beneficial for me. 
1 2 3 4 5 6 7 
40. I don’t feel like I could really trust 
my peers who are participating in 
the activity. 
1 2 3 4 5 6 7 
41. When I am doing the activity, I think 
about how much I am enjoying it. 
1 2 3 4 5 6 7 
42. I do the activity because I have to 
do. 
1 2 3 4 5 6 7 
43. I think the activity is an important 
activity. 
1 2 3 4 5 6 7 
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Appendix 2 AMQ Questionnaire 
 
ACADEMIC MOTIVATION FOR LEARNING SCIENCE STUDENT NUMBER: ______ 
DATE: ____________COUNTRY: _______________ NAME: _________________________ 
 
WHY DO I LEARN SCIENCE? 
Using the scale below, indicate to what extent each of the following items presently corresponds 
to one of the reasons why you learn science. 
For each of the following statements dealing with scientific inquiry activities, please indicate 
how true it is for you, using the following scale: not at all true (1) … very true (7) 
 
 Why do I learn science? Does not  
correspond Corresponds Corresponds 
at all  moderately exactly 
1. Because I have the impression that it 
is expected of me. 
1 2 3 4 5 6 7 
2. To show myself that I am a good 
student. 
1 2 3 4 5 6 7 
3. Because I choose to be the kind of 
person who knows many things as 
an adult. 
1 2 3 4 5 6 7 
4. Because it’s important to me to 
learn science. 
1 2 3 4 5 6 7 
5. Because I enjoy the feeling of 
acquiring knowledge about science. 
1 2 3 4 5 6 7 
6. For the enjoyment I experience 
when I grasp a difficult subject in 
science. 
1 2 3 4 5 6 7 
7. Because it will help me make a 
better choice regarding my career 
orientation. 
1 2 3 4 5 6 7 
8. For the "high" feeling that I experi-
ence when I am having discussions 
with interesting science teachers. 
1 2 3 4 5 6 7 
9. Because studying science allows me 
to continue to learn about many 
things that interest me. 
1 2 3 4 5 6 7 
10. Because I think it is good for my 
personal development. 
1 2 3 4 5 6 7 
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11. For the pleasure that I experience in 
knowing more about science. 
1 2 3 4 5 6 7 
12. Because I would feel ashamed if I 
couldn’t discuss with my friends 
about things concerning science. 
1 2 3 4 5 6 7 
13. I don’t know why I study science, 
and frankly, I don’t give a damn. 
1 2 3 4 5 6 7 
14. In order to get a more prestigious 
job later on. 
1 2 3 4 5 6 7 
15. For the "high" feeling that I experi-
ence while reading about various 
interesting science subjects. 
1 2 3 4 5 6 7 
16. Because science learning allows me 
to experience a personal satisfaction 
in my quest for excellence in my 
studies. 
1 2 3 4 5 6 7 
17. Because I really like science 
learning. 
1 2 3 4 5 6 7 
18. Because I would feel guilty if I 
didn’t study science. 
1 2 3 4 5 6 7 
19. Because I’ll get in trouble if I don’t 
do so. 
1 2 3 4 5 6 7 
20. For the pleasure I experience when 
surpassing myself in science studies. 
1 2 3 4 5 6 7 
21. Honestly, I don’t know, I truly have 
the impression of wasting my time in 
studying science. 
1 2 3 4 5 6 7 
22. I once had good reasons for learning 
science; however, now I wonder 
whether I should continue. 
1 2 3 4 5 6 7 
23. Because I choose to be the kind of 
person who knows matters concern-
ing science. 
1 2 3 4 5 6 7 
24. For the satisfaction I feel when I am 
in the process of accomplishing 
difficult exercises in science. 
1 2 3 4 5 6 7 
25. Because I want the teacher to think 
I’m a good student. 
1 2 3 4 5 6 7 
26. For the satisfied feeling I get in 
finding out new things. 
1 2 3 4 5 6 7 
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27. Because for me, science learning is 
fun. 
1 2 3 4 5 6 7 
28. I don’t know why I am studying 
science. 
1 2 3 4 5 6 7 
29. In order to have a better salary later 
on. 
1 2 3 4 5 6 7 
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Appendix 3 Interview Questions 
 
Semi-structured interview, questions 
Guided questions or themes discussed with the students during the interview. 
 
Part 1: Motivation 
 
0. Orientation 
Can you please tell me about the site visit and the learning tasks related to it.  
 
1. What was most interesting or motivating in the site visit teaching 
sequence? 
What else was interesting or motivating? 
 
Ask about the following features of the site visit if the student does not men-
tion anything about them. 
 
2. What kinds of possibilities did you have to influence the way things 
were done during the site visit teaching sequence? 
Was it interesting or motivating to have an influence on the way things were 
done during the site visit teaching sequence? 
Did you have possibilities to plan the learning activities?  
Did you have an influence on the way the learning tasks were done? 
Did you have an influence on choosing the learning tasks?  
Did you have an influence on the order the learning tasks were done?  
What else were you allowed to decide about?  
Was it nice to influence the way things were done during the site visit teach-
ing sequence? 
 
3. What kinds of possibilities to work together with your classmates did 
you have during the site visit teaching sequence? 
Did working together with your classmates increase your motivation or inter-
est towards studying? 
Did you feel close to your group members? 
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Was it nice to work together with the other pupils? 
Did you have a possibility to plan the learning activities with the other pupils? 
 
4. Did you feel competent during the learning tasks related to the site 
visit teaching sequence? 
Are you sure you were competent? 
Did feeling competent increase your interest or motivation towards studying? 
What made you feel yourself competent? Was it your own, your teacher’s or 
other pupils’ view?) 
Did you feel competent during the ICT tasks related to the site visit teaching 
sequence? 
Did you feel your competency was appreciated?  
Could you do well some other thing related to the site visit teaching sequence? 
 
5. Can you please tell me about your feeling of interest and enjoyment 
during the site visit teaching sequence.  
Did you feel convenient during the learning tasks related to the site visit 
teaching sequence? 
Did your feeling of interest and enjoyment have an influence on your interest 
and motivation towards the site visit teaching sequence? 
What learning tasks affected your interest most during the site visit teaching 
sequence? 
 
6. Can you please tell me about the motivating or interesting content or 
context of the site visit teaching sequence.  
 
7. Overall, what do you think about the site visit teaching sequence? 
 
Part 2: Learning 
 
8. What do you know about products of the site visit company? 
Do you know, what materials the products consist of? 
Do you know, how are products manufactured from materials? What is the 
manufacturing process of a product like? 
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Do you know, what properties the products have? 
Do you know, where are the products are used? 
 
9. What do you know about the materials used in the company? 
Do you know, what raw materials are used to produce materials the company 
uses and where these materials come from? 
Do you know, how the materials are manufactured from raw materials? 
Do you know, what properties these materials have?  
Do you know, how are the properties of the materials are analysed? 
Do you know, a simple structural mode, that explains a property of the mate-
rial, describes the structure of each material? 
 
10. What do you know about the occupations in the site visit company? 
Do you know, what kind of occupations there are in the site visit company? 
Do you know, what kind of education is required for each job? 
Do you know, what the people who do the various jobs have to do at work.? 
Do you know, what kinds of skills/abilities/knowledge/attitudes/ways of 
thinking are required in each occupation? 
 
11. What do you think about site visit as a way of working? 
What do you think about the advance preparation of the site visit? 
What do you think about the site visit? 
What do you think about studying after the site visit? 
What do you think about the site you visited? 
How do you assess your own working? 
What do you think you have learned during the site visit? 
 
12. Tell us something about the mindmaps you constructed before and 
after the site visit. 
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Appendix 4 Conceptual framework for inquiry science in-
struction 
Inquiry science instruction, conceptual framework (Minner & al., 2010). 
Reprinted under permission of John Wiley & Sons. 
 
 
Presence of 
Science 
Content 
· Science as Inquiry 
· Life Science 
· Physical Science 
· Earth and Space Science 
Type of 
Student 
Engagement 
· Students manipulate materials 
· Students watch scientific phenomena 
· Students watch a demonstration of scientific phenomena 
· Students use secondary sources (e.g., reading material, the Internet, discussion, lecture, others’ 
data) 
 Elements of the Inquiry Domain 
 Instruction emphasizes Student 
Responsibility for Learning when it 
demonstrates the expectation that 
students will: 
Instruction emphasizes Student Active 
Thinking when it demonstrates the 
expectation that students will:  
Instruction emphasizes 
Student Motivation 
when: 
Q
ue
st
io
n Decide which question to investigate; 
seek clarification of the investigation 
question(s).  
Generate investigation question(s); use 
prior knowledge to inform 
question(s);consider or predict possible 
outcomes of the question; explore the 
reasons question(s) are being asked to 
determine if they are appropriate for 
scientific investigation; refine 
questions so that they can be 
investigated, discuss questions based 
on previous study or data collection.  
D
es
ig
n 
Identify when and where they need help 
understanding the design; ensure that 
they (or the class/group/partner) grasps 
the design and how to implement it; 
decide what investigation design to use; 
ensure that the design addresses the 
research question.  
Use prior knowledge to inform the 
design; determine if the design is as 
appropriate match for the question 
including variables and procedures; 
debate the merits of different 
investigation designs and whether it is 
“doable” and will result in needed data; 
consider where and how issues of bias 
may need to be addressed; generate 
investigation designs. 
D
at
a 
Decide the data organisation strategy; 
decide what data collection strategy to 
use and/or how to adapt it; identify if 
they or others need help collecting or 
organizing data; seek out clarification 
and advice when it is needed. 
Alter and refine their approach to 
gathering, recording, or structuring the 
data based on information they acquire 
as they proceed.  
C
on
cl
us
io
n 
Decide what strategies to use to 
summarize, interpret or explain the 
data; identify when they or others need 
help in summarizing, interpreting or 
explaining; and seek out other relevant 
information to assist in drawing 
conclusions.  
Ensure that their conclusions are 
supported by their data; apply prior 
knowledge  to summarize, interpret or 
explain the data; construct conclusions; 
consider conclusions’ reasonableness 
and credibility; identify applications of 
their findings to other situations and  
/or contexts; offer explanations for 
variations in the findings among the 
class and/or within their working 
groups; generate new questions that 
arise out of their explanations.  
C
om
po
ne
nt
s o
f I
ns
tr
uc
tio
n 
C
om
m
un
ic
at
io
n Decide how to structure their 
communication; seek advice and 
suggestions from others about 
how/what to communicate; provide 
feedback to others about their 
communication.  
Engage in sound discussion and debate; 
demonstrate the logic they used to 
draw conclusions and interpretations; 
articulate the reasonableness and 
credibility of others’ work; discuss 
appropriate communication 
mechanisms including language, visual 
aids, technology, etc.; articulate the 
merits and limitations of their work.  
It demonstrates the 
expectation that 
students will: 
display/express 
interest, involvement, 
curiosity, enthusiasm, 
perseverance, 
eagerness, focus, 
concentration, pride 
(all affective) 
